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ABSTRACT 

The Pre-Schooner II site was selected, from five areas investi- 

gated, on the basis of refraction seismic surveying, core drilling, 

and surface mapping in.extrusive igneous rock that generally models 

the nearby Schooner site. Bedrock below about 5 feet of stony silt 

consists of a 25-foot-thick layer of vitrophyre and vitrophyre brec- 

cia over felsite that extends to a depth of at least 150 feet. These 

two bedrock layers at the site have distinctly different physical 

properties, the felsite being relatively less porous and stronger 

in compression than the overlying vitrophyre. The felsite is mas- 

sive at depth, although highly fractured, but it becomes steeply 

flow-layered in the upper portion. The flow layers continue across 

a gradational zone into the overlying vitrophyre. The resultant 

structure strikes about north 35 degrees east. The felsite is 

conspicuously jointed, and the vitrophyre contains abundant 

microscopic cracks. 



PREFACE 

The U. S. Array Engineer Nuclear Cratering Group (NCG) located 

five prospective sites for the Pre-Schooner II cratering experiment 

on the basis of published information and a field reconnaissance in 

mid-February 1965. Geologic mapping, seismic traversing, and core 

drilling programs were conducted in March 1965 by the U. S. Army 

Engineer Waterways Experiment Station (WES) and the NCG. After an 

evaluation of the results of these field programs, one area was se- 

lected as the test site by LTC W. J. Slazak and Mr. P. R. Fisher of 

NCG.  Subsequently, the site was explored by additional drilling and 

geological mapping, continuing to mid-May 1965. 

Geological mapping in the area was accomplished largely by 

Mr. R. A. Paul of NCG. Personnel of the Soils Division, WES, were 

responsible for the following work:  (l) seismic traversing and core 

drilling under the direction of Mr. G. M. Leese, Expedient Surfaces 

Branch, and Mr. T. B. Goode, Embankment and Foundation Branch, re- 

spectively, and (2) geological observations, logging of cores, and 

borehole photography by Mr. R. W. Hunt and Dr. R. J. Lutton, Geology 

Branch. Physical tests of cores and petrographic examinations were 

performed at the Concrete Division, WES. 

This report was prepared by Dr. Lutton and Messrs. Hunt, 

F. E. Girucky, and J. R. Curro, Jr., under the direction of 



Messrs. W. J. Turnbull, A. A. Maxwell, J. R. Compton, W. C. 

Sherman, Jr., R. F. Ballard, Jr., W. L. Mclnnis, and W. B. 

Steinriede, Jr.,-and Dr. C. R. Kolb; all of the Soils Division, 

WES. Appendix D is a slightly modified version of an unpublished 

report by Mr. W. I. Luke, Concrete Division, WES. 

Director of NCG during the conduct of this study and prep- 

aration of this report was LTC Slazak, CE. Director of WES was 

COL J. R. Oswalt, Jr., CE; Technical Director was Mr. J. B. Tiffany. 
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CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT 

British units of measurement used in this report can be converted to 
metric units as follows. 

Multiply- By To Obtain 

inches 

feet 

miles 

cubic yards 

pounds 

tons 

pounds per square inch 

pounds per cubic foot 

feet per second 

2.54 

0.3048 

1.609344 

0.764555 

0.45359237 

907.185 

0.070307 

16.OI85 

0.3048 

centimeters 

meters 

kilometers 

cubic meters 

kilograms 

kilograms 

kilograms per square 
centimeter 

kilograms per cubic 
meter 

meters per second 
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CHAPTER I 

INTRODUCTION 

Project Pre-Schooner II was a chemical explosive single-charge 

cratering experiment in hard, dry rhyolite rock executed by the U. S. 

Army Engineer Nuclear Cratering Group (NCG) as a part of the joint 

Atomic Energy Commission-Corps of Engineers nuclear excavation re- 

search program. Pre-Schooner II was detonated on 30 September 1965 

at 1709'59-2" Mountain Standard Time on Bruneau Plateau, approximately 

UO miles southwest of Bruneau, Idaho. The emplacement hole was at 

the following coordinates: Longitude W115°3V25.203", Latitude 

Nk2°2ktQ2.9k3"  (Modified Idaho State Coordinate System—N267,639-53; 

E5U7,783.1l). The cavity, located at a depth of 71 feet, contained 

approximately 85.5 tons of nitromethane (CH_N0p) at zero time. The 

detonation resulted in a crater with an apparent radius of 95*2 feet, 

an apparent depth of 60.7 feet, and an apparent volume of 2U,780 yd . 

1.1 PURPOSE OF PROJECT 

Project Pre-Schooner II, a high explosive cratering experiment, 

was designed as a corollary experiment to the planned nuclear event, 

Project Schooner. The results of this experiment will be utilized 

A table of factors for converting British units of measurement to 

metric units is presented on page 11. 
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in designing Project Schooner and as data points in the continuing 

investigation of the engineering properties of explosion-produced 

craters. The rock media at the Pre-Schooner. II site are.essentially 

the same as those at the Schooner site.. ■ 

1.2 SCOPE OF REPORT 

This report presents the results of investigations of five 

predetermined areas considered for the Pre-Schooner II site and 

the results of investigations of the preshot condition of the rock 

media at the selected site.  Site selection investigations included 

geological mapping of the five areas and vicinity/' seismic surveying 

at each of the five areas and'the Schooner'site,'and continuous cor- 

ing of vertical boreholes at four of the five areas'.  Preshot inves- 

tigations of the selected Pre-Schooner II site included the "boring 

and logging of 13 core holes, physical testing of representative 

cores, and continuous photographing of selected holes with a bore- 

hole camera. 

1.3 SITE SELECTION CRITERIA 

The five prospective Pre-Schooner II sites (Areas 1 through 5) 

were chosen by NCG for investigation on the basis of the following 

criteria:  (l) proximity to the Schooner site, (2) rock similar to 

that at the Schooner site, (3) minimum overburden, (k)  reasonably 

flat topography, and (5) topography favorable for scientific 

photography. 

13. 



l.k    LOCATION AM)''ACCESS   ; 

The five areas examined lie on broad, semiarid terrain south 

of the Snake River Valley in eastern Owyhee County in south-central 

Idaho. This general area is known as the Bruneau Plateau. Access 

to the site from each, of the communities of Bruneau, Glenns Perry, 

and Buhl (Figure 1*1) is by approximately 60 miles of, payed,, graveled, 

and dirt roads,' 

The land is commonly leased from the Bureau of Land Management 

by sheepmen and cattlemen for summer grazing. The closest cultivated 

land is near Grasmere, 13 miles west of the site across the Bruneau 

River. Nearby, dwellings, .occupied at leas     of the year by 

cattlemen, are found.at Winter Camp Ranch and Clover Flat.Ranch on 

East Fork Bruneau River and at Indian Hot Springs on West Fork 

Bruneau. River.•'■ 

Ik 
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Figure 1.1 Map of south-central Idaho showing location and access 
to the Pre-Schooner II site. 
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CHAPTER 2 

SEISMIC INVESTIGATIONS FOR SELECTION 
OF PRE-SCHOONER II SITE 

Two surface-refraction seismic traverses, at'right angles .to 

each other were run at each of the five prospective Pre-Schooner II 

sites (Areas 1 through 5), and a single seismic traverse was run at 

the Schooner site. A description of the surface-refraction seismic 

traverses, is presented in Table 2.1. Subsurface data were' obtained 

by means of continuously cored vertical borings located at the in- 

tersections of seismic traverses at Areas 1, 2, 3, and H. 

2.1 EQUIPMENT AND PROCEDURES 

The 'equipment used for the,seismic survey was a portable, 

12-channel Century refraction seismograph equipped with a dry 

developing recorder that gives a permanent record.       ■' 

Each seismic 'traverse consisted of several.segments because 

the seismic cable was too short to cover the traverse with only 

one positioning. Geophone spacing varied (see Figure 2.1), and 

the segment lengths varied from 475 to 600' feet, depending on this 

geophone spacing.  There was some overlapping of the segments on 

each traverse, providing some reversal data.  However, geophone 

spacing was not close enough to delineate the overburden 

accuratelyi ; 
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Charges were detonated in holes at even-numbered stations 

spaced at 200-foot intervals along each seismic traverse, at Areas 

1 through 5. The charge locations for the traverse at the Schooner 

site were all at the east end of the line. Charges consisted of sev- 

eral l/2-pound sticks of kO  percent nitroglycer.in dynamite, with 

the number of sticks depending-upon the shot•depth, length of single 

segment, and anticipated subsurface material. 

2.2 METHOD OF DATA REDUCTION      ■ 

After the charge had been detonated and the response of the 

geophones had been recorded, the time Intervals required for the 

compression wave to travel from.the shot point to each, successive 

geophone were determined from the records. With the distance from 

the shot point to the first geophone and the spacing of the sue- . 

oessive geophones known,.time-distance curves were, plotted (Fig-, 

ure 2.2).  The reciprocal.of the slope of the line indicates the 

velocity of the wave through the particular medium. A change in 

slope of the line indicates a change, in velocity of the, wave at 

a given depth (D ,)., which can be calculated by, the following re-. 

lation from Reference 1: 

\   2 yv2 + Y 

17 



Where: X.. - slope intersection^ distance (in feet) (i.e. distance 
from origin along the abscissa to point at which the 
slopes intersect)'" " V>1 ;■;;."■"..■ 

V = velocity (in feet per second):'in the medium in which 
the first slope was produced 

Vp = velocity (in feet per second) in the medium in which 
the second slope was produced 

If a third velocity is encountered, the relation for calculation 

(Reference l) of the second depth (D_).from the surface is: 

V 
Where: X„ = distance (in feet) from origin to point at which 

second,charge in slope occurs 

V_ = velocity (in feet per second) of the third medium 

The velocities and depths determined by this method can then be 

represented as velocity profiles. 

On many of the time-distance plots, a delay was evident in 

the compression wave arrival times from a particular interface. 

This was caused by a low-velocity material underlying a high- 

velocity material. Therefore, depths, to interfaces below this 

low-velocity medium could not be computed from the conventional 

equations from Reference 1 because they would be erroneously large. 

A procedure was utilized to provide, a correction for the depths 

computed from the standard equations (Reference 2). Seismic ve- 

locities at Area 1 (Figure 2.3) were not affected by the low-velocity 

material. However, the velocity profile for Line 2, Area 2, shown 
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in Figure 2.k,  shows an example of a low-velocity zone underlying a 

high-velocity zone, 2,700 to 3,000 ft/sec and U,000 to 8,000 ft/sec, 

respectively. The conventional calculations for the depth to the 

third zone (12,500 ft/sec) give the apparent depth shown in Figure 2.k. 

The corrected depth to the 12,000-ft/sec zone was somewhat shallower. 

In constructing the profiles of the seismic data from Areas 1 

through 5, an arbitrary reference surface was used to eliminate or 

minimize the large differences in elevation of each area. For each 

area, all data were referenced to a selected horizontal plane called 

the datum plane. Correcting all data to the datum plane gives a 

true indication of the dip of the subsurface beds, and all depths to 

the subsurface interfaces are referenced from the datum plane. To 

obtain the depth from a particular point on the ground surface to 

an interface, an addition or subtraction is made to the depth from 

the datum plane to the interface. This addition or subtraction con- 

sists of the depth from the point on the ground surface to the datum 

plane.  If the point on the ground surface is above the chosen datum 

plane, a true depth related to ground surface can be determined by 

raising the elevation of the indicated interface a similar amount. 

2.3 DATA ANALYSIS 

The profiles of the seismic data are illustrated in Figures 

2.3 through 2.7. Although the velocity changes shown on the 

19 



profiles do not usually coincide with changes in rock types indi- 

cated by the borings, this situation does not necessarily indicate 

a lack of correlation.  Velocity changes indicated by refraction 

seismic data are dependent on the physical characteristics of the 

media. Therefore, factors such as weathering and extensive frac- 

turing within a single rock type will cause a velocity change that 

could mask a lesser change between rock types. 

The data recorded on Line 2 at Area 5 (Figure 2.7) were col- 

lected with some difficulty and are probably not very reliable. 

The velocities of the upper 8 to 10 feet of material at all 

sites are approximations based on the few data points provided by 

the relatively long geophone spacings and comparison of the data 

obtained from the core samples. 

20 



-p to <d 
cd >H 

0) 
W 

Tl > C 
to rrl O 
(I) in •H 
p H P 
01 C> a n 0) 

• H •rl CO 

T) fi IH Ä 
it to OJ P 
I) ■H P >H 

11 (II (S <> 
O C/J M S 

o 
P •H 
cf P 

OJ ft 
C1 CJ to (1) 
(1 •H ri to 

•rl R OJ in 
-p CO > U) 
cd «H crt P 
P (1) In Ö 
C/J C/J H H 

0) ,G 
hD o 
to to 
!H W 
tu 
> u 
o o 

Ä 
r-l   P 
cd   M 
-P   C 
O    OJ 

En ^ 
0) 
ro 
U 
0> CO > O 
rrt ho      O 
1H C        + 
-I ■rl          O 

h  B  -. m o tä 
«   hP 
W tu w 

rt ■rl 
o l-l 
•rl 
p 
rrt crt 

0) 
o u 
i-l < 

o -=!- O o O o 
NO c- m H t>- 
ro   l LA   1 J-  1 j-   i H   l 

t- NO LA ON 
in J- LA LA J- 

o H R o 
LA 

O 
NO 

o 
ON 

O   I NO    1 O   I -tf     1 m   i 

_H/ C- t~ H o <M 
c— NO NO C- CO 
oj OJ oj OJ OJ 

oo oo oo oo 
oo oo oo oo 
+ + ++ + f ± £ c— t>- NO t- -3- r- ot~ 

o o _   _  ^ 
o o < < < 
+   + BBS 
1-- c- 

ro ON H 

<M OJ OJ        OJ OJ        OJ OJ        <MH        mM3 CO 

NO OO C-CO OJ CO ONCO        COCO HtAI (\l 

CD OLTN LA LA O   LA Q   LA "ALP, »NO 
tu     in t>     c- o-    o t-    ot-     t- c-    t .9 ' 
tS LT\it ifif NÖ-* NOJ- -*-* J-VO 

Ot-       t- t-      OJ t—      OJ c—       c— t>-      t-y   ' 
H 

OJ1A LA LA OLA OLA UN KN LAO] 

P        OO        OO        QO        OQ        OO        LA 
%        OO        OQ        Ö Q       OS        QO       fc   i 
OJ     o J-     OJ-5     oj -3-     ND-3-     -*-3-     n 

ÖJ SWSWWWWW 
SH UAH        NOlAOJO         HO 
hD COLA        HE-        OJ  t-        CO  rH         _     .      , 
<u cow     cow      aw      sw     Si' 

TJ W W 

I    I 

I    I    I 
H OJ        HOI        HOJ        HOI        HOJ 111 

OJ 
c 
o 
o 

ojoj        com      -d--4-        LALA       ,£ 

HH        OJOJ       roco      _3-_d-       LALA       m 

hD 
c 

•H 
Ü 
cd ft 
to 

CD CD 
P> c 
•H o 
to fS ft 
IH ■ o 
CD Ol   0J 
C hO 
O cd 
o OJ   0J 
•G 
o <  cd 
w c 

P     (H 
CD ft CD 
•G 0J  p 
-P o H 

X  cd 
-p CD 
crt    • CD 

OJ to J3 
0J  p C P 
to  -H 0 

SI •H  J3 
pi p 

*& cd -H 
o   ? 

tH   tJ o 
0 

c 
H H 
H     IH 

0   U H 
•   .H    0J oj   0) 

OJ  -P   CJ IH ft   fe 
ed  OJ H 

fH    0J 
0  i 

CD   cj   hD <H 
fa   MO 
<   OJ   U 

to 
OJ   0J 

P P   Ö 
+J   0J  -H cd -H 
PtÄ    C e H 
OJ  P •H 
CJ         -P ss 
OJ p   0J IH   O 

10    ?    !H 

ft =H ft 
C          CD cd  •« 
0    W    ft hD 

• H  H OJ  c 
-p    CO  O IH   -H 

zt* cd  o    • 
crt   hD 

O    CD   CH to   ft C 
H P    O CD   CO  -H 

a P             IH 
H .H   to crt  CD   o 
H        J«! a a fii 
crt p   O 

O  -H ■3 J3 OJ 
-POP IH     ft    _ 
cd CM   to O   O   0 

O  CD   cti 
OJ o >d 

■yog 
cd oj  3 

C_J   hD CD 

to  p 
e     o • .rl   IH 
•3 +> ft §5m 
X  cd   1 
O       .OJ p       cp 
U lf\ w J3  O 
p, OJ H 
ft o du   -rl    W 
cd   cd <H 

ft O CDP 
CD   CO P  C  cd 

cd 3 B h         in 
cd   CD   CD 

Id u$ H   to    IH 

h -2 to OJ e 
hD >   9 IH    (d   O 

OSO C         IS 
•H   CO 

CJ    CD In   CD    0J 
eJHÄ 

c «" 
CD   O   P CD   -rl   Q 

P> H O f Ä 
CO cd       + 

CD -P  cd -p   OJ CM 
CO   O w c 
h J3 T) O   cS 
OJ   to   OJ o      p 

S H Id 
Ä   >?W 
cd H 

|H   H   P 
H < W 

"Ö £ +> 
H O  < 

cd fl o Ö   CD =H 

21 



3 ° ? z 

i- -> 
in <M 
< a 
-J 

D 
Z 
< 

< 
Ul 
z 
D 
CE 

Q m m 
Z 
< (\f u. 

o 
(M - K 
Ul (/) Z < < < Ul   , , 

Ul UJ HI T  "V IT a. IT n z 

< < < Ul   -1 
^ ,_r c-i u° 
Ul LJ Ul 

K  0 z z z 
_l J _l U. 

 C 

f    1 
< > 

( > 

( >                     ( > 

< ) 

<; >                     < ) 

< 

< 

> 

>                     < ) 

c >                     c ) 

<: )                   < ) 

c > 

c >                     <; > 

d >                    < > 

c J 

c )                          o 

c )                           0 

c > A 

 1 

< 

> 1 

>                  6 

» i  

CD 
Ö 
O 
o 
u 

I 
0) 
iH 

<L> 
> 

•H 
-P 
O 
CD 
ft 
W 
o 
ft 

•p 
CO 

0) 
>> 
o 
H 

It 
0) 

ÖD 
Ö 
•H 
Ü 
cö ft  • 
W CD 

-P 
CD -H 
Ö W 
O 
A     fH 
ft CD 
O Ö 
0)   O 
Ü  O 

z 
o H W 

< 0J   -Ö 
Ö 

O CD    CO 

h 
-1 

P   CD 
7 bQ-P 

o •H   -H 
n I ft  oa 
H a. 
n o 
i Ul 

22 



cö 
-p 

■3 
w 
u 
> 
cd 
U 

-P 

Ü 
•H 

W 
•H 
(D 
W 

<H 
o 
-p o 
H 
ft 
cu 
o 
Ö 
CO 

-p 
CO 
•H 

<u 

H 
cö 
o 

p 
cö 

<H o 
CD 
H a 

OJ 

CM 

u 
bfl 

•H 

SQN0D3S Nl 3WU 

23 



o 
J  

1 
/ 

/ 

m \- H 

/ 
z w R 

o ij -i 
C/) 
Q. 

o 
o 

/ 
0. 
ti_ 

O 
O ;^2 \ 

O 
O 

ro 

CO 
p11 

o o 
(0 

we 2 

S3" 
U _    i, 
-   "1 fn 

I 
O 
O o 

—: | fO 1/1   '   Ji <         I o 
LU im»»i       l 

— o \-i/i<~'r-~'-~\~^ ir^XiM-A'''^' V-/-~ -»•«/I; <-/ -J*'-1    - 

X 
-z. 1 / ̂      \ 

\ 1 
' 
\ I 

o 
o -    | a. \ \ 

— -+- 1    1 u. I 1 
Id 
z 
_l 

o z o 
\ \ 

\ 

o 

\ ! 
\ o 

I 
\ 

\ 

\ 
< 
V) z o 
$ 
&8 

0. 
U. 

o 
(0 

u \8 

\ 
\ 

J 
\ 
J 

1 
\ 
\ 

■tf l?l 
\ 

o o 
in \l\ 

% 
■% \ 
t / \ 

o 
o b^ i 

I 
I 

OJ r t- 
5 \ i 

\ 
\ 
\ 

I 

I 

\ 
,o rn 
"tn o         o         o         o 

■*                      ^                       Tf                       tf                      (T) 

If                      ^                      if                       ^                      ^ 
m         n         n         n         t\j 
■tf         *         ■tf          *         -«■ 

o 
UJ + 

5 -I Zl— / 
/ 

/ 

f 
i 

o 
o I J 

/ 

c 
2 
L. 
tE 
u. 

< 
O 
U 
UJ 
ZL 

5 2 
o    5 
1 I a 
o:   ^    i/ 
UJ      L       _ 
>    -    u. 
O   >    u. 

1 - 

1 
C\J / 1 7~ 

1 1 □ SHE1           ! 

1 1 l 
o 
o L 1 

1 

\ 1 
o j 1 1 

i 
] 

~r 
l 

1    _ 
? / C/) /    / 

o 
o 

/ 
■ ; 

L 
C 
c 
c 

3  z 
3  O 
0   H 
3   0.       - / /   / 

wm / / 
z § 2 «S o uj 5 

(D  Q < / / 
Ü 
z UJ 

o 
1   I / 

( 
i 

_l i;i>'-v^'",<ri-o-wCi>'-~>^^''—;\'c>-v;-',-/\<.v^,-,'.'j   — 

z 
X 
•z. 1 | / 

u 1 / / 
H 1 

<o 

- IK 

/ 

/ 
/ 

/ en 
0. 
u. 

O 
O 
<\J 

ro 
1 
O 
o 

sy /    8    1 o 

/ U.          1 
o -i O          1 
■tf 

% 1 
/ 

o      1 
(O          i 

■% i 
■a! 1 / 

O          1 

1 
5 1 

/ 

/ 

/ 
o 
o J, / 
f\l 

j / 1 

1 J 
/ 

_ 

/ 
o 

—1 / _L 

CO 
0) 

■8 
CO 
CÜ 
H 
•H 
=H 
O 
fH 
P< 

>> 
-P 
•H 
CJ 
O 
H 
> 
Ü 

•H 

CD 

CM 

0) 

•H 

HS« 1J 'NOI1VA3H3 

Id 'dNVld   nniVQ  M0T39  Hld3Q 

2k 



UJ + | pi hn  
\ 

\ 

s 

0. 
L. 

o 
o 
o 
CO 

1 

o 
o 
o 

1 
1 - 

\^ | 
8 r^. 

^ i 

(\J \ \ \ X    ^ \ A 
^ 

- 

\   a- 

O ^ 1 K.I V) 
Q. 

N- + 
o o -^k3 i \ / 

1 Sir- 5 ( *l 

Na ^ — 
- L   8     %\ 0. - 

oJ 1 6<J 4*\ 
LLJ 
_l 
o 

X 

goo 
^ <o _1 hv ■i 

1 ■- (SSüHsSK^ "'i' ~/v^ -' ^ -"/ 'V1 -'-''" ^ O '-MJ z g 8 F>          II       ^ w 
(\J 00 
Id 
z 
_] 

O 

-/ 

1 
a. 

o< 
u 

o OJ 
_J 
o n: 
X 
•z. 

\ i\\ k N « 
1                          1° %-*'•."■ Vi^A" -CO'-''V<V <■! 

z 
o 

CO o o 

1 
1 V 

\ 
4 

<-> 
ÜJ 

-V 

si 1 
CO 

o o 

I 

l\ 8  1 
1  1 0. 

U- 

8 ■1 

< 
u 
u 

35 s 

5". 33 

■<t 

% 

/ 
i 

1 

o 
o 
o 
CO 

o 
o 
o 

1 
n 

o 
z 
UJ 

UJ 
_l 

o   > 

□ EH 

a 
CO 

UJ 
a: 
>■ 
X 
0. 
O 
cc 
f- > 

ES 

_j   nc   . cc 9 

sä r 
t 0. 1 

O 
z 

X U- V + 
rvj t O 

O \ a 
\ - 

%s 

\ 

z + „^      o         o         o         o         o o        c 
(0<oils(omminio 

-p 
•H 
W 

H 

Ö 
O 
o 

o 

a; 

OJ 

Co 
tt) 

•P 
to 

m 
0) 
H 
•H 
<U 
o 
^1 
ft 
>J 
-p 
•H 
O 
O 
H 
<U 
t> 
Ü 

•H 

W 
•H 
(Ü 

CQ 

OJ 

0) 

•H 

HSn 1J 'NOUVA313 

±j'3NVHd Wniva  MCTGS Hld3a 

25-26. 



20 

40 

60 

80 

100 

I- 
ii. 

J '20 
z < 
_1 
a. i40 
2 1- 

li. 

<   160 L   z" 
o 

1 t -1 > u Ul 
CD _l 

0+00 2+00                                           4+00 6+00 8+00 
1 1 1 

4560 

4540 

' 

DATUM       PLANS 

4520 
~*l~"——--^_ y^"             ^N. 

   ^ 30< 

4500 

4460 

v__ 

4460 

4440 

4420 

4400 

50 

-"' ^ 
^ = 

t , I3,000+ FPS                    i ^ i 

z 
I- 0. 
Ill 
o 

20 

40 

60 

80 

100 

120 

140 

4580 

4560 

4540 

4520 

4500 

4480 

4460 

4440 

4420 

4400 

W 
0+00 2+00 4+00 

STATIONS ALONG LINE 2 
6+00 8+00 

NX HOLE 3.1 

TX 

LEGEND- 

□    OVERBURDEN  

U    VITROPHYRE 

. £] _VITROPHYRE BRECCIA 

0    FELSITE 

5000-8000 FPS 

£ 
V 

*2" 
-^ 

APPARENT 

3000-5000 F 

SEE DESCRIPTION 
ABOVE 

^v 

I   DEPTH 

■52^—8000-13,000 

-8000-1 

Figure 2.5.    Se 

© 



6+00 8+00 
STATIONS ALONG LINE  I 

10+00 12+00 

3000-5000 FPS 

V. 
t 

5000-8000 FPS 

14+00 

NX HOLE 3.1 

2000-3000 FPS M/ 
"   CORE IN 1-4" 

LOW VELOCITY 
"ZONE OOOOFPSf 

CORSECTED_DEPlü 

AP
PARENT5EP^- 

8000-13,000 FPS 

8000-13,000 FPS- 

V 

SEGMENTS 

16+00 

XT ^ 

3000-5000 FPS 

y 
y- ~\" 

i 
i X. 
BLACK PORPHYRITIC 
CLASS 

VERY HIGHLY JOINTED 
)i MINOR REHEALING LOCALLY 
„   POROUS BRECCIA 

18+00 

LT 

5000 

13,00 

STATIONS ALONG LINE 2 
6+00 8+00 

V. 

^ 
APPARENT 

I_DEPTH_ 

3000-5000 FPS 

SEE DESCRIPTION 
ABOVE 

^sT 

6t* (^ -8000-13,000 FPS 

-8000-13,000 FPS. 

. DATUM    PLANE 

/ 

LOW  VELOCITY  
ZONE <3000 FPS 

-13,000+ FPS" 

+ 
I 

7 
 f- 

i z.  

i 
~-4 
/ 

SEIStv 

Figure 2.5- Seismic velocity profiles at Area 3- 

© 27-28 



NIE     I 
12+00 14+00 16+00 la+oo 20+00 

S 
22+00 

NX HOLE 3.1 

f 
2000-3000 FPS 

LOW  VELOCITY 
"ZONE OOOOFPS 

CORRECTECLDLPIÜ 

g 

~r "LT 
CORE IN 1-4" 
SEGMENTS 

^ 0" 

3000-5000 FPS 

7^ 
■X 

w 
I T 

BLACK PORPHYRITIC 
GLASS 

2000-3000 FPS 

5000-8000 FPS 

ApPARENTDEp^7 

PS 
8000-13,000 FPS 

VERY HIGHLY JOINTED 
MINOR REHEALING LOCALLY 
POROUS BRECCIA 

13,000* FPS 

12+00 

ANE- 

T + 
I 

.Z. 
i- 
7 

es at Area 3- 

LOCATION   OF 
SEISMIC LINES AND BORINGS 

500 1000 FT 

SCALE 

27-28 (D 



20 

40 

60 

80 

100 

120 

NE 
0+00 

4520 

4500 

4480 

4460 

4440 

4420 

4400 

4380 

u z < 

5 

3 u m 

i—        4360 
_l 
to 
2 
I- 

z 
o 

D. 

20 

5    4540 
UJ 

4520 

4500 

NW 
0+00 

40 

60 

80 

100 

120 

44801 

4460 

4440 
I 

4420 

4400 

4380 

140 ■=-        4360 

2+00 4+00 6+00 
1 i i 

DATUM      PLANE 

£~Z —y.— **"                        — 

.• 

  -        \ 
yS^ 

v -^'^-^~"~ 

1 '     T 1 

2+00 4+00 
STATIO 

6+00 

DATUM      PLANE 

- B 

4000-8000 FPS 

\ 

X ■71 

/ 

Figure 2.6    Seismic velc 

© 



4+00 6+00 
STATIONS ALONG LINE I 

8+00 10+00 12+00 14- 

4+00 
STATIONS ALONG LINE 2 

6+00 8+00 

Figure 2.6 Seismic velocity profiles at Area k. 

® 29-30 



LONG LINE I 
00 10+00 12+00 

NX HOLE 4. 
 A 

FPS 

)0-13,000 FPS' 

,000+ FPS 

ö\ 

"3000-4000 FPS 

MODERATELY JOINTED- 

\ =x: 
• HIGHLY JOINTED,  
VERY HIGHLY JOINTED 
IN INTERVAL 52-88' 

14+00 
SW 

16+00 

LOCATION   OF 
SEISMIC LINES 
AND BORINGS 

3 at Area k. 

29-30 

(D 



3 
1 

1 
/ / / / \ 

1 

\ 
Y \ 

1 1 
\      —o ua 

op i 

)  - 
1 

1 
1 1 1      -i V 

/ i 

8 J / so / 1 / °i" / i 

1 0, / 1 1 
1 o 

o / / 
/ 
/ 

/ 

' 
1    ■* 

1 
1 
o 
o 
■n 

V 
/ 
/ 

/ 
8 1  -J 

-te-o. / / / 

13 >> / 
| 

Q 

-> ? 1 
■ r 
toi 
0- 
u. 

o 

b. 
O 
O 
O 

2 

1 
co 

8 *l o 
+ ■M o 1 + 

o| 
^ 1 

1 

- \ 
/ \ 

1 
1 - 

O 
O 

( 
\ 

CO 

~ / 

\ > 

\ 
I 
1 
I 

\ 
\ 

i 

o 
o TlS Vr / \ 

\ + J-lcoS >b- \ 
u. 
o 1   ° 1   ** 

1- O 

q (o 
-1 V to 

\ 

~ > 
O N 
-1 

b. 
O 
O 
<n 
o> 

o 

" 

8 |v o 
m 

cu 

L J 

8 
i 

°l o8*£j8ai8^-(\ 
t 
t *        1 

t        t 
t       •* t i i    % 

« + 
2 

X 
o 
o \ 
(VI w 

a. 
b. 1 

W 
a. 
b- i o 

o 
o /I Z 

u 
o 

"     1 
8 
? 
o 
o 

o 
o 
CO 
w 

/ 

/ 

1 
1 

z 
UJ 
O 
tu 

S b 
tc   < 
Ul     (0 >   < 
O    CO 

8 

5 

J 1 ua 

O 

\ / 
/ 

" 

oo 

' 
/ 

( 

o 

- = 
i 

-J-> 
«s iff \^>J 

■■- CO 
_l fe 

I     * \ 0- 
b. 

z 
o 
_J 

5 i la 1 o 

tn 
; 

5         > 
1 

CO 

o 

Sr C 5 I \ 
S8  1 V \ 

-t- s 

~ 

CO 
0- 
u. 
o 
o 
(XI 

1 
o 
o 
CO 

1 
1 
/ 
/ 
I 

to 
0. 
b. 
o 
o 
o 
CO 

\ 
1 
1 

o \ 
CO N \ 

\ / "N 
\ 

N 
\ 

/ \ 
s / / 1 

(0 
0- 
Ü. 

o 

/ / / / / / 

'8 
>"- 
t- o 

O it) 

/ 

8 

a V   v8_^ / . ooo'offsa, 

+ to 
(XI I /       >u 
o 
o 
CO / 1° ON  1 

/ - / / \^—^^liB 
/ 
/ L/ 

/ / / 

o =3 i     i     i 1 
o 
D wCO o 

< 
{ I    i 3      S I    i c 3             ( 3 

VI 
3 

(0 
ID z 
CE 
o 

U_ CD 

zz 

■run 

oZ 
O-J 
Jo 

CO 

-P 
CO 

CO 
<u 
H 
•H 
<H 
O 
fH ft 
>i 

-P 
•H 
O 
O 
H 
CD 
> 
U 
•H 

CO 
•H 
CU 

CV1 

<D 

W 
•H 
PR 

HS« ±J 'N0IJ.VA3H3 

Id *3NV1d  WniVQ M0139 HJLd3Q 

31 



CHAPTER 3 

GEOLOGICAL EVALUATION OF AREAS FOR SELECTION 
OF PRE-SCHOONER II SITE 

Geological examinations of five localities near the Schooner 

site were made in conjunction with the seismic examination to 

facilitate choosing the Pre-Schooner II site. Major types of bed- 

rock recognized are felsite, vitrophyre and closely related breccia, 

and basalt. About 5 feet of aeolian silt mixed with loose rock 

blankets the bedrock. 

Oldest rocks exposed in the vicinity are the Idavada volcanics 

(Figure 3-1). The Bruneau 2 hole at the Schooner site (Reference 3) 

penetrated almost 1,14-00 feet, consisting of mostly silicic volcanics, 

of this unit without reaching older formations, and over 700 feet of 

the Idavada is exposed in Bruneau Canyon 2 miles west of the Schooner 

site.  In spite of the fact that welded tuff has been emphasized 

in descriptions of the Idavada volcanics (Reference k),  lavas pre- 

vail in this area. 

The rather simple picture of stratigraphy at each of the 

possible sites becomes complex when attempts are made to integrate 

stratigraphy at all possible sites and at the Schooner site. The 

difficulty involves explaining the great range in elevation (600 

feet) of the vitrophyre-felsite contact throughout the area. Sev- 

eral possible explanations can be offered:  (l) an ancient erosion 
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surface, (2) cyclic repetition of the stratigraphic sequence, (3) re- 

lief on an immense lava flow, ,{.h)  faulting, or (5) a combination of 

one or more of the foregoing.  Observations made during this investi- 

gation tend to support the third explanation above. 

3.1  AREA.l  , ......  -     ....      ,  ....  ._..;if  ..  ..; ,  .,  ,. ,.:    r>!-   -  ..,. 

Area ,1 flanks. a, low. .ridge, of felsite that, extends from, the 

prominent felsite knob northwest of the Schooner site (Figure 3-1). 

The distance from Bruneau 2 hole at the Schooner site to Hole 1.1 

at the center of Area 1 is about'3/800 feet. Float rock on the 

ridge suggests that felsite underlies" the shallow silt cover ex- 

cept in an'area of vitrophyre about 30Ö feet in diameter just north- 

west of Hole 1.1. At the hole, felsite was penetrated below the 

overburden, and it continues with no change'to the bottom depth of 

133 feet. The rock is cut by a prominent set of closely spaced " 

joints. 

The seismic velocities of the felsite increase with depth 

on Line 2 (Figure 2.3) from 1,300 to 2,500 ft/sec in'the surface 

layer to 10,000 to 13,200 ft/sec in the'feisite at 100 feet and 

deeper. On Line 1, however, a discontinuous high-velocity zone 

may be present in the 'felsite'at about "a 20-foot'depth. The ex- 

istence of this zone is open to question as nothing was seen in 

the' core" from NX Hole 1.1 to suggest its' extension through the 

boring. 
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Because the area lacks an extensive layer of vitrophyre, it 

offers a poor analog to the Schooner site. For this reason, it 

was rejected by WCG as the test s,ite. ' 

3.2 AREA 2 

Area 2 -was chosen by JtfCG as the Pre-Schooner p site, and' 

detailed information concerning the area is presented in Chapter h. 

3.3 AREA 3    ; 

This area, whioh lies' about 5,800 feet southeast of Bruneau 2 

hole, occupies a valley between ridges of felsite on the nprth and 

south. The rocks encountered below 8 feet of silt overburden are 

vitrophyre, vesicular vitrophyre, and vitrophyre breccia to a depth 

of 88 feet and felsite from, there' to at least 150 feet?   '. 

Seismic velocity profiles and results of drilling are shown 

in Figure'2.5. The nature of the seismic discontinuities is not 

clear from rock cores. Due to the presence of a low-velocity layer 

from 30. to 60 feet (Boring MX 3-1), the apparent velocity contour 

computed to lie at 110 feet should be raised to 88 feet. It thus 

correlates with the vitrophyre-felsite.. contact. 

• Area 3 was .eliminated from consideration as the Pre-Schooner II 

site because of the excessive thickness of vitrophyre and the pres- 

ence of a major core-loss zone at a depth of 55 to 80 f/eet where ex- 

cavation for explosive emplacement would be required. 
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3.h    AREA h 

Area h  lies in the broad valley occupied.by the Schooner site 

2,000 feet to the northwest.  Patches of vitrophyre breccia outcrop 

in various places over an area at least 500 feet in diameter; and 

in Hole U.l, the breccia persists to a depth of 36 feet (Appendix A), 

Glassy felsite continues from 36 feet to 52 feet where it grades 

to felsite. The seismic discontinuities indicated on the two pro- 

files (Figure 2.6) correlate approximately with the geologic con- 

tacts.  Thus, the velocity break at about 35 feet (Boring NX h.X) 

correlates with the top of the felsite. 

This area was eliminated from further consideration as the Pre- 

Schooner II site because it is too near the Schooner site, and it 

has an excessive core-loss zone in the interval from 15 feet above 

to 10 feet below the center of the emplacement cavity (55- to 80- 

foot depth). 

3.5 AREA 5 

Area 5 lies about 9.» 300 feet northwest of the Bruneau 2 hole 

near the road from Winter Camp.  Bedrock under about 5 feet of silt 

is basalt.  Only seismic exploration was undertaken at this site 

since the site media do not adequately model the media at the 

Schooner site. 
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Figure 3.1 Geological map of vicinity of Pre-Schooner II 
and Schooner sites. 
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CHAPTER k 

GEOLOGICAL INVESTIGATIONS OF PRE-SCHOONER II SITE 

Area 2 was selected as the Pre-Schooner II site by NCG for 

several reasons:  (l) among the available areas, it presented the 

best stratigraphic analog to the Schooner site; (2) rock at shot 

depth was reasonably competent; (3) the site is readily accessible; 

and (h)  it is far enough from the Schooner site not to interfere 

with possible Schooner construction activities.  Hole 2.7 inter- 

sected the intended zero point at this site. 

4.1 TOPOGRAPHY 

The selected site occupies a relatively flat area on an east- 

west trending ridge approximately 7,600 feet southwest of the 

Schooner site.  The tops of low knobs of resistant felsite lie at 

distances of 750 and 1,300 feet to the northeast and southwest, 

respectively.  The flat at the site slopes down about 2 percent 

to the northwest.  To the east, the flat ends at a relatively steep 

slope of about 10 percent that drops 100 feet in elevation.  Except 

for this slope reversal, the topography at the Pre-Schooner II site 

appears to model that at the Schooner site quite closely (Figure 4.1). 

k.2    STRATIGRAPHY AND PETROGRAPHY 

Cores from the 13 holes (Figure k.2)  drilled to explore the 
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Pre-Schooner II site, supplemented by those of the previous holes 

in other areas, allowed a detailed field classification of the rock. 

Three general lithologic types were identified:  felsite, vitrophyre, 

and vitrophyre breccia. Gradational lithologic subtypes also recog- 

nized in the field were lithoidal vitrophyre and glassy felsite. 

In the discussion of physical properties (Chapter 5), both 

vitrophyre and felsite are further dividedby structural character- 

I isties into layered and homogeneous variants. A vesicular vitrophyre 
i 
is also recognized. 

The laboratory petrographic analysis classified all the rock 

types as porphyritic rhyolite vitrophyre on the basis of mineral- 

ogic content and texture (Appendix D).  However, because of the 

distinct visual differences and differences in physical properties, 

the field nomenclature is retained. 

A sequence of these lithologic types thought to be a single 

flow at least 700 feet thick is revealed in the walls of Bruneau 

Canyon 2 miles to the west. 

At the site the felsite invariably underlies the other types, 

but the breccia can be found above and/or below the vitrophyre. 

Silt overburden 0 to 10 feet thick (Figure k.3)  blankets the site. 

4.2.1 Vitrophyre.  The typical vitrophyre contains 10 to 

20 percent euhedral to subhedral, oligoclase phenocrysts in a black 

glass groundmass.  The refractive index of a sample of the glass 
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(Appendix D) indicates a high silica content in the range of rhyolite. 

However, the bulk composition of the rock may fall in the range of 

quartz latite. White powder that forms on the core after wetting 

and drying suggests that alkali or alkaline earth components are 

easily leached from the glass by water. 

Perlitic cracks are recognized on oxidized joint surfaces and 

in thin sections from their closely spaced, curved traces. The 

vitrophyre is commonly colored red adjacent to joints and vesicles, 

presumably by oxidation of the iron.  Bulk dry specific gravities 

of samples of massive vitrophyre that are relatively low in vesi- 

cles range from 2.3^ to 2.^0. 

The vitrophyre and closely related vitrophyre breccia are 

complexly interlayered in a bed that varies greatly in thickness 

(Figure k.h)  but averages about 25 feet.  A 6-foot-deep hole at 

Station 8+00 on Seismic Line 2 intersected rock that was clas- 

sified as felsite.  The high intercept of felsite along with 

relatively thin sections of vitrophyre and breccia at Borings 

2.7, 2.10, and 2.12 suggests that the layer of glassy rocks is 

particularly thin just northwest of surface ground zero. 

Compressional wave velocities in vitrophyre apparently range 

from about l+,000 to 8,000 ft/sec (Figure 2.k).   ' 

k.2.2    Felsite.  Typical felsite is composed of 10 to 20 

percent euhedral to subhedral oligoclase phenocrysts in a 
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cryptocrystalline groundmass (Appendix >D):. The color varies-from 

brown' to- green but is', mostly gray. A few 'vesicles concentrated, in ■" 

flow layers can be distinguished, especially near the change to ■ 

overlying vitrophyre. Massive felsite has a bulk, dry specific 

gravity of about 2.37 to 2.1+0. Most holes bottomed in felsite. . 

According to the seismic velocity profiles shown in Figure 2.k 

the felsite appears to have a compressive wave velocity of 8,000 to. 

more than 12,500 ft/sec.  . 

4.2.3 Vitrophyre Breccia.  Although its mineralogical composi- 

tion Is essentially the same as that of vitrophyre, the vitrophyre 

breccia is physically a distinct rock type.  It is composed, of 

fragments of vitrophyre varying from sand, to block size.  The rock 

has higher porosity than the other rock at the site, as evidenced 

by lower bulk dry specific gravity (2.20), but partial welding and 

cementation by secondary minerals restore a measure of competence. 

Much of the rock seen in outcrops is composed of blocks of vitrophyre 

several feet across with intervening red granular zones. This mate- 

rial appears to be a transition to homogeneous vitrophyre. ■ 

Typical-breccia from the cores consists of about 50 percent of. 

fragments more than 1 inch across of black'vitrophyre in a pink 

matrix of glass shards that are mostly less than l/k  inch across. 

The prominent layer of low-velocity material;(2,700 to.3,000 

ft/sec) extending ;ac.ross.-the site-(Figure r2-,k); at about a 50-foot 
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depth is most likely composed of vitrophyre breccia, possibly inter- 

layered with vitrophyre. 

U.2.U Intermediate Rocks. Transitional rock types are recog- 

nized between vitrophyre and felsite and between vitrophyre and 

vitrophyre breccia on the basis of field observations and strati-' 

graphic position. 

1+.2.1+.1 Lithoidal Vitrophyre and Glassy Felsite. Two in- 

termediate rocks distinguished in the core logs (Appendix A) are li- 

thoidal vitrophyre and glassy felsite. The petrographic examination 

of a sample of lithoidal vitrophyre from Hole 2.1 reveals characteris- 

tics of both the vitrophyre and felsite (Appendix D). The dis- 

tinction between lithoidal vitrophyre and glassy felsite is subtle. 

Both types resemble the felsite but are more glassy. The bulk dry 

specific gravity of 2.38 of a sample of lithoidal vitrophyre is 

quite close to the specific gravities of felsite and vitrophyre. 

4.2.U.2 Vesicular Vitrophyre. This subtype differs from 

the vitrophyre described above by the presence of 15 percent or 

more of vesicles and by its distinctly different physical prop- 

erties. The bulk dry specific gravity of a sample is 2.08. 

k.3    STRUCTURAL GEOLOGY 

Planar and linear flow structures are evident in all rocks. 

Fractures with orientations geometrically related to the planar 
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flow structure are exceedingly abundant, particularly in the 

felsite. 

U.3.1 Flow Structures.  Primary flow structures in the form 

of continuous flow layers and flattened and lineated vesicles are 

developed extensively, particularly in the lithoidal vitrophyre 

and glassy felsite.  Layers of massive vitrophyre commonly alter- 

nate with layers of less glassy types or with vesicular layers. 

In felsite, the flow structure may be manifested as parallel len- 

ticular crystalline patches dispersed in a finer grained groundmass. 

The logs of borings presented in Appendix A reveal that flow layers 

dipped at angles greater than 1+5 degrees in most of the vitrophyre, 

lithoidal vitrophyre, and glassy felsite.  This layering is repre- 

sented schematically in cross sections in Figure h.5-    The layers, 

followed downward into the felsite, flattened gradually and became 

quite faint.  Steep flow layers are characteristic of the tops of 

most rhyolitic lavas elsewhere. 

Three of the several masses of vitrophyre outcropping near 

the site exhibited flow layers, and others had questionable struc- 

ture. These appeared to have a preferred strike to the north or 

northeast.  This structure was subsequently verified by data ob- 

tained in mapping the walls of the emplacement calyx hole (Appen- . 

dix B).  In the interval between 28 to 35 feet a prominent layer 

of vitrophyre in felsite strikes N35E and dips about 75SE.  Such 
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flow structure imparts an anisotropy to the site media. 

I4-.3.2 Joints and Fracturing. The felsite and related vari- 

ants were highly jointed.  Segments of core over 6 inches long 

were rare, and many of these were crossed by a few incipient 

joints.  Ends of core that appeared at first to be drill breaks 

usually were found on close inspection to be joints along which 

there had been little or no separation. The vitrophyre and vitro- 

phyre breccia are finely divided by incipient perlitic fractures. 

Red coloration along many joints is probably due to oxidation 

of iron during the cooling of the lava.  Locally highly fractured 

pockets or zones were observed in the felsite. Two such pockets, 

each several feet in diameter, were present in the access calyx 

hole (Appendix B) and emplacement cavity.  Very highly fractured 

rocks generally provided poor core recovery.  Cores recovered from 

these zones tended to be very weak in spite of an appearance of 

competence.  For example, cores from 188 feet in Hole 2.12 and 30 

feet in Hole 2.7 can be broken to 1/2-inch or smaller fragments 

along incipient fractures by light taps of a prospector's pick. 

Where a flow structure was evident, it was seen to have in- 

fluenced the fracture pattern. Usually a single, well-developed 

set of joints dominating in any domain tended to be oriented paral- 

lel or perpendicular to the planar flow structure.  Spacing of in- 

cipient fractures in the felsite was commonly about 2 inches, and 
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platy fragments typify nearby outcrops.  The perlitic incipient 

fractures in vitrophyre isolated grains about 1/8 'inch in 

diameter. 

4.3.3 Major Fracture Zones.  Some major fracturing with 

possible shear offset was suspected in the zone of brecciated 

felsite encountered between 82 and 102 feet in Hole 2.12.  The 

open spaces within this breccia had been partially lined with 

fine-grained ca.lcite, and the breccia had the appearance of a 

veinlike tabular mass that dips about 80 degrees.  A vein width 

of 3 feet was inferred from the interval along the obliquely 

intersecting drill hole. 

A second breccia zone, not recognized in the limited amount 

of core, was detected in photographs at 75 through 85 feet in 

Hole 2.1.  Here a white matrix, probably.of calcite, constituted 

about 50 percent of the rock.volume.  At the present time, it 

seems best to regard these brecciated zones as two of many that 

cut the site media rather than to regard them as two intercepts 

of the same brecciated zone. 

The major fracture mapped,in the calyx hole (Appendix B) 

between 2k  and k2  feet had a strike of N55W and dip. of 70N.  It. 

was thus a cross joint oriented about normal to the steep flow 

layering. 
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k.k    GROIMDWATER 

In exploratory borings Bruneau 1 and 2, which were drilled 

for the planned Schooner event, water was encountered at about 

a 1,000-foot depth.  In Bruneau 2, the water is confined to a 

fractured portion of the Idavada felsite by overlying massive 

felsite; when this felsite was penetrated, the water rose in the 

drill hole to about 885 feet below ground surface.  The pie- 

zometric surface, on the basis of these two holes and elevations 

on the West Fork Bruneau River, is inclined north-northwest at 

about 25 feet per mile; when projected, it should lie at about 

3,580 feet mean sea level, i.e. deeper than 1,000 feet at the 

Pre-Schooner II site. 
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CHAPTER 5 

PHYSICAL PROPERTIES OF BEDROCK AT PRE-SCHOONER II SITE 

Thirteen core samples from borings at the Pre-Schooner II site 

(Area 2) were subjected to detailed examination and physical testing. 

Representative samples from each of the major types of rock encoun- 

tered were examined petrographically; Appendix D gives the results 

of the petrographic examination in detail.  A sketch and a descrip- 

tion of each core sample tested are presented in Appendix C. 

5.1 SAMPLE DESCRIPTION 

The laboratory examinations indicated that the mineralogical 

composition of the bedrock at the Pre-Schooner II site is generally 

the same at all depths, being primarily megascopic oligoclase and 

a few small corroded quartz and ferroan mineral phenocrysts in a 

rhyolitic, glassy to cryptocrystalline groundmass. 

The detailed laboratory examination of the 13 core samples 

disclosed that all contained feldspar phenocrysts with maximum 

dimensions of approximately l/6k  to 3/8 inch.  This examination also 

indicated that these samples could be. initially divided into three 

general groups of bedrock, those representative of felsite, vitro- 

phyre breccia, and vitrophyre. 

The 13 core samples included all varieties of bedrock encoun- 

tered at the site as follows:  two samples of massive vitrophyre, 
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one sample of lithoidal vitrophyre, one sample of vesicular vitro- 

phyre, two samples of layered vitrophyre, two samples of vitrophyre 

breccia, one sample of glassy felsite, three samples of layered fel- 

site, and two samples of massive felsite. 

5.2 PHYSICAL TESTS 

The following physical properties were determined for 12 of the 

13 samples tested in the laboratory: bulk specific gravity (G ) 

under saturated, surface dry (SSD) conditions; bulk dry specific 

gravity (G ) and corresponding density; specific gravity of solids 

(G ) and corresponding density; porosity; static unconfined compres- 
s 

sive strength; modulus of elasticity; and Poisson's ratio.  The 

formulas used for determining the specific gravity are presented 

in detail in Appendix C.  The results of the physical tests are 

given in Table 5.1. 

5.2.1 Specific Gravity.  The results of the specific gravity 

determinations and the corresponding density values are shown in 

Table 5.1.  Density values were obtained by multiplying the re- 

spective bulk specific gravity values, SSD and dry, by the unit 

weight of water. 

Surface openings were noted in the samples of vesicular vitro- 

phyre and vitrophyre breccia (see sample descriptions, Appendix C). 

Since water was not retained in the larger of these surface voids, 
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the saturated, surface dry weight in air was slightly less than if 

all the voids were filled. Consequently, the bulk specific gravity 

(SSD) and corresponding density values shown in Table 5-1 are 

slightly higher than their true values. 

Bulk specific gravities (SSD) (G ) ranged from 2.H6 to 2.36 for 

the felsites and from 2.1+5 to 2.15 for the vitrophyres. Correspond- 

ing densities ranged from I5I+ to li+7 pcf for the felsites and 153 to 

13l+ pcf for the vitrophyres. 

The bulk dry specific gravities (G ) were slightly lower than 

the bulk specific gravities (SSD). Ranges indicated in Table 5.1 

and Figure 5.1 are 2.1+0 to 2.26 for the felsites and 2.1+0 to 2.08 

for the vitrophyres. Corresponding densities ranged from 150 to ll+l 

pcf for the felsites and from 150 to 130 pcf for the vitrophyres. 

The massive vitrophyres and massive felsites had the highest bulk 

dry specific gravities, which averaged about 2.1+0. 

The specific gravity of solids (G ) ranged from 2. 56 for a 

massive felsite to 2.1+0 for vitrophyre breccia.  The values of spe- 

cific gravity of solids for the massive vitrophyres and massive fel- 

sites averaged 2.1+6 and 2.55, respectively.  Values determined for 

lithoidal vitrophyre, glassy felsite, and layered felsite are 

between these averages, and values determined for vesicular 

vitrophyre and vitrophyre breccia are less.  The values of 

specific gravity normally reported for vitrophyre and felsite 
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ranged from 2.65 "to 2.^0 (Reference 5). 

5.2.2 Porosity.  The porosity determined for each sample shown 

in Table 5.1 was calculated from the specific gravity of solids (G ) 
s 

and bulk dry specific gravity (G ) according to the following 

formula: 

/   G 
Porosity (%)  = 100 I 1 - ^2. 

The porosity ranged from ik.k  percent for a vesicular vitro- 

phyre to 1.6 percent for a massive vitrophyre (Figure 5-l).  Average 

porosity values were 3.8 percent for the massive vitrophyre and 6.0 

percent for the massive felsite.  The porosity of all other 

varieties of vitrophyre and felsite was either equal to or higher 

than these averages. 

5.2.3 Compressive Strength.  The compressive strength for each 

of the 12 samples was determined by a static unconfined compression 

test.  Procedures are described in Appendix C. 

The results of static unconfined compression tests shown in 

Table 5.1 ranged from 21,9^0 to 5,970 psi for the varieties of 

felsites and from 9>010 to 3,090 psi for the varieties of vitro- 

phyres.  Plots of compressive strength with depth are shown in 

Figure 5.1 in relation to the predominant rock types.  Too few tests 

were conducted to establish conclusively a relation between the 

specific gravity and unconfined compressive strength of the bedrock; 
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however, a relation between bulk dry specific gravity and unconfined 

compressive strength is suspected. 

5.2.4 Modulus of Elasticity.  Stress-strain curves for each of 

the 12 unconfined compression tests are given in Appendix C. A 

secant modulus of elasticity was obtained from each of the stress- 

strain curves by drawing a line through the origin to the approxi- 

mate midpoint of the stress-strain curve, i.e. at a stress value of 

approximately one-half the ultimate sample strength.  Values thus 

obtained are given in Table 5.1. 

The modulus of elasticity values range from a maximum of 

5.77 x 10 psi for massive vitrophyre to 0. 8k X 10 psi for lithoidal 

vitrophyre (Figure 5.1).  Respective maximum and minimum modulus of 

elasticity values for felsite are k.^k X 10 psi (for a layered 

felsite) and 1.20 X 10 psi (for a glassy felsite).  The massive 

felsites and massive vitrophyres average k.6k X 10 and k.k X 10 

psi, respectively.  All other varieties of material have lower 

average modulus values. 

5.2.5 Poisson's Ratio.  The values of Poisson's ratio shown 

in Table 5.1 range between 0.25 and.0.10 for the vitrophyres and 

between 0.21 and 0.15 for the felsites.  The averages of reliable 

Poisson's ratios for vitrophyre and felsite samples are 0.19 and 

0.l8, respectively. 
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5.3 GENERALIZED CONDITIONS. - 

Two layers of bedrock are conspicuous at the Pre-Schooner II 

site on the basis of the' physical properties. These layers corre- 

spond to the two distinguished, in the field on the basis of mega- 

scopic characteristics, i.e. an upper layer of vitrophyre, vitro- 

phyre breccia, and glassy felsite over a more crystalline felsite 

layer within which the explosives cavity was located. Variations 

of physical properties with depth are shown in Figure 5.1. 

In Hole 2.7 (ground zero) the upper bedrock layer consisted of 

about k  feet of vitrophyre, 15 feet of vitrophyre breccia, and 

Ik  feet of glassy felsite, all underlying 7 feet of overburden. 

•5.3.I Upper Bedrock.  Eight samples were tested from the upper 

bedrock layer.. These samples had the following average physical 

properties:  bulk specific gravity (SSD), 2.3^; bulk dry specific 

gravity, 2.28; specific gravity of solids, 2.U6; porosity, 7. ^ 

percent; unconfined compressive strength, .5,860 psi; modulus of 

elasticity, 2.60 x 10 psi; and Poisson's ratio,. 0.20.  Compressional 

wave velocities measured in the field (see Chapter 2) ranged from 

2,000 to 8,000 ft/sec. 

. 5.3.2 Lower Bedrock.  The'properties, of the felsite of the 

lower bedrock contrast with those of the; overlying layer.  Five 

samples revealed the following average values: bulk specific 

gravity (SSD), 2.M±; bulk dry specific gravity, 2.38; specific 
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gravity of solids, 2.5^; porosity, 6.0 percent; unconfined compres- 

sive strength, l6,6lO psi; modulus of elasticity, k.l X 10 psi; and 

Poisson's ratio, 0.18.  Compressional wave velocities from seismic 

work were from 8,000 to more than 12,500 ft/sec (see Chapter 2). 
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CHAPTER 6        .:..'..»'-^V'.....;, 

SUMMARY■'■';■' •  '   '"  "■ ■•■:■'■-. 

Project Pre-Schooner II, a high-explosive cratering experiment, 

was conducted in a new- rock.medium and is the next step in a con- 

tinuing program Of study of engineering characteristics of craters: 

by the Corps of Engineers.  The site was chosen with the-help of 

refraction seismic surveys,'core borings,, and geological, examiria- 

t tions.  It geometrically models, reasonably well,., the^ contrasting 

rock types anticipated at the nearby site for Project Schooner, a 

planned nuclear event. ■ '    ■ 

Core borings at the Pre-Schooner II site revealed a blanket 

averaging about 25 feet thick of mixed vitrophyre and vitrophyre, 

breccia between an overburden of stony silt above and felsite below. 

Gradational intermediate lithologic subtypes separate the three 1 ■•- 

principal lithologic types of bedrock.  Felsite is believed to 

continue well below the explored 150-foot depth.      • 

Physical testing of samples bore out the twofold division of 

strata.  The vitrophyre and vitrophyre breccia plus about 15 feet 

of conspicuously glassy felsite at the top .'of the felsite layer ;are 

typified by relatively high porosities, low compressive -strengths, 

and low moduli of elasticity compared;to the deeper felsite. 

,     The selected site was found to have two notable'variances from 

simplest geometry.  First, the thickness of the upper layer composed 
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of vitrophyre and vitrophyre breccia varied in a complicated manner, 

and one particularly thin area was located within 30 feet of surface 

ground zero. Second, the vitrophyre and the intermediate rock type, 

glassy felsite, have a flow layering that usually cuts obliquely 

across the units'at a steep dip.  The steep flow layers strike north 

to northeast.  This planar element imparted to the upper media an 

anisotropy, which in.turn influenced joints that formed subsequently. 

Joints tend to be parallel and perpendicular to flow layers.  The 

frequency of natural fractures per foot encountered in the vertical 

holes for all rocks ranged from 1 to 10 for felsite to hundreds of 

incipient perlitic fractures for vitrophyre. 
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LOGS OF BORINGS DRILLED FOR PROJECT PRE-SCHOONER II 
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PROJECT PRE-SCHOOHER II 

IJ 27^,030    E 550,360 

77#    (rock only) 

SAKDY SILT     (0 to  3.6 ft) 

tan,  with fragments felsite 

FELSITE   (3.6 to  50.5 ft) 

glassy?, dark gray to black, 
porphyrltic, hard;  5 to 10$ 
feldspar euhedra, 3/32 In. 
across; flow structure 
Indistinct except at 17 and 
h2 ft;  joints smooth, with 
staining and some yellow 
clay or gel. 

fain}; flow layers dip  55 deg. 

Note:     core breaks are mostly 
smooth,natural joints that appear 
to have been tight in situ. 

41.9 to 43.O ft,  5 to 10$ small, 
flattened vesicles dip 60 deg. 

orange clay or gel 1 

 Gradation 

FELSITE     (50.5 ft to bottom) 

greenish gray, microcrystalline 
porphyrltic;   5 to 15& feldspar 
euhedra,  3/32 In. across; 
flov  structure indistinct. 

-/'I 

-'<7 

4L 

71 

\ / 

A 
V 

12 April 196"5 

h  to 50 ft, core segments 
1 to 3 in. long, steep 
dips dominate 0 to 27 ft. 
gentle dips 27 to 50 ft.' 

50 to 80 ft,c 
2 to 6 in. mc 
hy joints. 

to 87 ftj core segments 
3 6 in. long. 

87 to 96 ft,subparallel 
Joints spaced 1 in., 
dip 70 dcg. 

to 102 ft,subparallel 
Joints spaced 1/2 to 2 in 

PROJECT PRE-SCHOONER U 

1.1 (Continued) 

FELSITE        (as above) 

87 to 119 ft, core breaks 
parallel to dominate joint 
set suggesting control by 
indistinct anlsotropy, 
probably flow layers. 

i 
RECOV. 

102 to 119 ft, subparallel 
Joints, spaced I-1/2 in. 
dip 60 deg. 

119 to I33.h ft,subparallfi] 
joints spaced 1/2 to 2 in., 
dip 20 to 30 deg. 

Bottom of hole 

Silt and Rock Fragments 

I Vitrophyre Breccia 

L_ 

M 

Vitrophyre, vesicular 

Felsite, glassy 

■1 30  Points of intersection of 
■j 20  individual Joints with 
■J 1»5  dip as indicated. 

Figure A.1.  Log of Core Boring 1.1. 
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■jffSEKT) 
„„„p,, -_.,.-.  ..,,..,-._,., -. 

- 

.i.^-.-i   .!_-,-.... 
T.TTHOLOOY 

Silt and Rock FVagnenta 

P83REE pF PBACTORISG 

p|   Frapnents average 1 in. or range 
pi   lese than 1 in. to a in. 

B Core segments or fragments average 
H 2 in. or range 1 in. to 6 in. 

SORING  SO.:                                                   2.0 

LOCATION    fllKiO     STATE COORDINATES,.                            I'.    Z-iJ ,^ .1      2    >7, 512.U 

ANOLE OF  BOBMG'                     Vertical rvPEOf BOoiNC.   '- by 5-1/2 in.  Dianond 

BEARING- DRILL,NG  AGENC":                             ^Z 

EL TOP OF  HOLE:                U627.3  ^  MX DEPTH  TO WATER  TABLE:           CStlSBltC       1000   ft 

TOTAL  DEPTH:                                 L9.5    ft HOLE  STARTED:                     17   April   19^5 

TOTAL  CORE  RECOVERV:            C^       (rod;   Only) HOLE  COMPLETED              20   April    19"'5 
jpjpvf Vltrophyre Breccia '. jourr IMTV. 

FT MSL R2CC7. PT' DiO 
F-l 30     Points of intersection of 
|-j 20     Individual Joints with 

1*627.3 0 Vltrophyre, vesicular 
SAIIDY 3ILT    (0 to  3-5 «I 

tan,  witn fra:jr.entE fclsitc. 
co°rcd 

r.o :-ir IDS.-  in t .1-: 
Viol'.. 

h-j 1*5     dip as indicated. 

U623.5 
7'i Top of roc;-. j 92 iO p%| 
Öl FELCITE    (>^ ft,to botto-i) 

1 = 50 
:j0 

P       ] Vltrophyre 

lj~ Cray with faint, brown flov 
layers, porphyritic,  hard; 
5 to 10^ feldspar eune-Jra 

100 - ■iO L_J 
100 = 1.0 

50 

&•-"' 10   - j/j2 in. across;  calcite 100 
ll5 Felsite, glassy 

i'jrl «mon or. joints;   joints 60 fSui 

-7' 

smooth and usually parallel 
to flow layers. 

■5 to Vi ft.flo;/ layers dip iiO deg. 
= \ 

50 

30 

15   ■ 
lit to 17 ft.flow layers swirl. 

17 to 19 ft.floj layers dip 

10-0 
i'5 
65 
50 

Felslte 

eo -rA 
50 doz. 

19 to 23 ft, flo-J liy.-r:; -lip 

70 
00 
50 
70 ,L> 75 dc-. 100 

'J> 75 
-1QO- 

25   - 

\i- 

23 to  30 ft,flow layers dip \ 
to 
35 
60 
50 

\ 
91 

30 dc^. ko 

l~? ~ \ 70 

\ T 

\ 30 

30   - 30 to  35 ft,flow layers dip 

94 = \ 
90 
85 

'l* 20 deg. \ 60 

» 
TOO ' 30 

31 to 35 ft.core  segments 

/   79 1 to 6 1». 

35   - 

% 

35 to ''9 ft, faint flow layers 
' 

1/ 
0 
20 j   83 

die 0 to 10 dor;;   sutoarallel 
to" Joints at  36 and U8 ft. = 70 

30 
60 

\K 60 

1*0 
98 35 

35 
20 
30 

45 
\ 

l»3 to U9 

60 
50 
90 

ft.coi e  segne nt 5 1° 1 to 6  in. i 
^577.8 1*9.5 ii! 86 1 " 1 

Bottora of hole 

Fi gui *< i A.2 I jOg'C >f Core Boring 2.0. 
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PROJECT PRE-SCHOOIIER II 

H 267,6141.3   E 5^7,52!t-5 

U622.6 ft MSL 

63^      (rock only) 

estimate    1000 ft 

13 April I965 

SANDY SILT    (0 to 7.8 ft) 

VTT30PHYBE  (7.8 to 26.0 ft) 

black, moderately hard;  10 to 
I55S feldspar euhedra 3/32 in. 
across;  red oxide coating 
smooth joints.    15^ vesicles 
in interval 8 to 13 ft,  l/l6 . 
to l/3 in.  red flow layers at 
26 to So ft,   spaced l/'t  in. 
and dip 45 deG,  lithoidal at 
26 to 28 ft. 

VITROPHYRE     (23.0  to U$.6 ft) 

vesicular, black with red oxi- 
dation around vesicles;  2$y 
flattened vesicles l/-  in.  long, 
dip 70 to 90 deg;  10£ feldspar 
euhedra  3/32 in.  across. 

FELSITE    (U9.0 to 60.6 ft) 

porphyritic; re 
on abundant Joi 
joints make roc 
susceptible to 

FSL3ITE    (0O.6 ft to bottom) 

dark erayish brown,  very terd, 

euhedra,   ~-,!'i~  in.  across;   fain; 
flow layers dip 10 to 20 dcL"; 

1 to 1*9.8 ft. 
segments range 1 to 8 in. 
nostly less than 3 in. 

lost all air at 1*S ft; 
grouted to &J.h ft. 

after jrroutinc. 

i<9.8 to 60.6 ft, non- 
systematic,  incipient 
joints  isolate fragment; 
loss than 1/3 in.  acros: 

Tbservation in. borehole 
photographs: 

70 to 75 ft  subhori- 
zontal joints  spaced 

3 S5 ft, brecciate' 
with 50-^ matrix of 

Lte  (!). 

PROJECT PRE- SCHOONER II 

ANGLE OF  BORING: TYPEOFBOR.NO: 

BEARING DRILLING  AGENCY: 

El. TOP OF HOLE; DEPTH  TO WATER  TABLE: 

TOTAL  DEPTH: HOLE  STARTED: 

TOTAL CORE RECOVERY: HOLE COMPLETED 

EL DEPTH '-, joi:rr DVT.; 
FT MSL FT 

RECOV. 
MIO- 

IEG 
1*522.6 100     - —( — 

FELSITE    (as above) 

100 

105     - 

/<->■ 

1? 110 - 100 
85.0 to 150.0 ft,  core 
segments averaging 
2 in.  isolated by sub- 
horizontal joints spaced 
less than 1/2 in.  to 
2 in. 

m - 

-, 'N. 

s/\- 
120 - i~~f^- 

1 J, 
N /- 

125   - 

'/UN 
' 

98 

~\s\ '* \ 
■-/- 

13U   ■ 
' l~~ 
-   I\ 
'7/ 
, '\ 

rib - 93 

l'.O   ■ 

'- ;- 
/IT 
i\r 

/A 89 

'tis 

'-', 
1'/ kh7S.6 ISO /f:o 

Bottom of hole 

DEGREE OF FRACTURING 

Silt and Rock Fragments 

I Vitrophyre Brecc 

Vitrophyre,  vesicular 

Felsit'e, glassy 

H 30  Points of intersection of 
1 20  individual Joints with 
■j 1^5  dip as indicated. 

Figure A.3    Log of Core Boring 2.1. 
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PROJECT PRE-SCHOONER II 

M 267,953-2 E 547,555.^ 

1(627.2 ft MSL 

it 81$    (rock only) 

estimate 1000 ft 

SANDY SILT    (0 to 2.0 ft) 
tan, with fragments of rock. 

I VITflOPHYflE  (2.0 to ^.0 ft) vea 
lar; black; 15$ ves (lM !"• 

VTTROPHyfiE  (k.O to 12.5 ft) 

red-beds (l/2 In. thick) of 50$ 
vesicles  (l/32 in.  diem.) inter- 
layered with black vitrophyre; 
grades to lithoidal vitrophyre at 
11 ft; flow layers dip 80 deg. 

Gradation 

FELSITE    (12.5 to S9.lt ft) 

glassy,  gray matrix with 15$ 
feldspar euhedra, fine pink bands 
spaced l/l6 in.; coarse, porous 
layers l/16-in. thick spaced 3/U 
to 1 in., govern platy joints at 
13 to 25 ft;  flow layers dipping 
65 deg parallel dominant Joint 
set. 

1 
' 79 

flow layers dip 1*0 deg 

 Broad gradation 

FELSITE (29.k  to 37.O ft) 

spherulitic, dark gray, porphy- 
ritic;  60$ spherical to lenticular 
crystalline growths (l/l6 in. 
across)  In glassy felsite;  flow 
layers dip 30 deg. 

Broad gradation 

FELSITE    (37.0 ft to bottom) 

gray, massive, porphyritic; micro- 
crystalline matrix with 15$ feld- 
spar euhedra averaging l/l6 in. 
long; red oxide coating on smooth 
incipient Joints down to 70 ft; 
calcareous coating or waxy yellow 
gel along open Joints. 

J flOT. layers evident. 

$ 
RECOV. 

^ 

30 to 'lO ft, core seg- 
ments averaging 3 in. 
long but partly broken 
by drill. 

kO to '16.5 ft, fragments 
isolated by joints aver- 
aging 1 in.  across. 

PROJECT    PRE-SCHOONER II 

K 267,767.8   E 5^7,517.8 

1*6$    (rock only) 

estimate    1000 ft 

VXTKOPBYRTI BRECCIA (&.h to 18.0 ft) 

black vitrophyre fragments to 
6 in. diam in orange matrix of 
glass shards; vitrophyre contains 
20$ by volume of lineated vesicles, 
1/6U in. small dimension; matrix 
breaks down in drilling; 8 ft 
loss. 

VITROPHYRE  (18.0 ft to 38.5 ft) 

black, perlitic glass with 
15$ feldspar euhedra; contains 
lithophysae. 

16.0 to 20.2 ft, 1*0$ lithophysae 
averaging 5/8 in. diam; may have 
faint, vertical flow layers. 

I 20.2 to 22.8 ft, less than 5$ 
lithophysae; flow layers dip 
k5 deg. 

22.8 to 38.5 ft; 20$ lithophysae, 
partially siliclfied, flow layers 
dip 1*5 deg. 

VITROPHYRE BRECCIA AND VITRCIPHYRE 

(38.5 to 53-0 ft) 

vesicular vitrophyre cut by zones 
of orange glass shards;  vitrophyre 
consists of black and red glass 
with 25$ vesicles by volume, l/l28 
in.  small dimension;   smooth, curved, 
oxide-coated Joints. 

flow layers dip 65 deg. 

.SITE    (53.0 to 61t.O ft) 

I dense to glassy, gray, hard, por- 
I phyritic; 15$ feldspar euhedra; 
l/l6 in. porous layers spaced 1 in. 
govern fractures, dip 90 deg; red 
oxide coats smooth Joints; one 

! lithophysa at 56 ft. 

Broad gradation 

FELSITE (6k.0 ft to bottom) 

flow layers dip 15 to 30 deg. 

h6  to 71 ft, core seg- 
ments average 1 in. 
isolated by Joints 
paralleling flow layers. 

Bottom of hole 

Jilt and Rock Frapncnts 

H Vitrophyre Breccia 

Bottom of hole 

PolntT of intersection 
lnnividuo.1 Joints wit'r. 
dip a; inJicated. 

t _J 

I--1 ' '1 "/el-itc, glossy 

17=7!, 

Figure A.k    Logs of Core Borings 2.2 and 2.3. 
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PROJECT PRE-SCHOOHEH II 

BORING NO.: 2.k 

LOCAT ON   (IDAHO s TÄTE COORDINATES):                         H   267,875-2      E    5^7,711.7 

ANGLE OF  BORING: Vertical TYPE OF BORING:            NX Diamond 

BEAH.NG: □ RILLING  AGENCY:                           HES 

EL TOP OF HOLE: >*625.8 ft DEPTH TO WATER TABLE:     estimate    1000 ft 

TOTAL DEPTH: 10.0 ft MSL HOLE STARTED:        gfc   Aprll   1^5 

TOTAL CORE RECOVE *¥:      kk%    (rock only) HOLE COMPLETED               ^    Aprll   lggj 

FT
E
;SL 

OEPTH 

"■= O=c„pr,o» 
RECOV. 

JOHW DATA 
mo- 

DEG 
UÖ25.8 

5   - 

10 

W23.O 

1(615,8 

SANDY SILT    {0 to 2.8 ft) 

tan, vith fragments felsite. 
r4 

no air 1 ss In 

80 
80 
30 
90 
!f0 

60  " 

60 
70 
70 

this hole. 

Top of rock 

FELSITE    (2.8 to 10.0 ft) 

gray, hard, porphyritlc;  5S 
feldspar euhedra; flow layers 
dip 70 deg; calcite on joints. 

//50 h 
YA yko 

Bottom of hole 

PROJECT PRE-SCHOOEER 

31'    (rock only) 

■ stlnate    1000 ft 

git April 1965 

\J, 

SAMDY SILT    (0 to 2.k ft) 

with fraj^nents vltrophyre. 

VTJROPHYRE    (2.1» to I3.8 ft) 

vesicular, black; 10£ feldspar 
euhedra;  15^ small vesicles; 
calcite on joints. 

glassy,  dark gray to black, 
porphyritlc;  ICfp feldspar 
euhedra averaging 3/32 in. 

/(        FELSITE    (19.9 ft to hotton) 

dark gray with thin reddish 
brown flow layers dipping 
10 deg at 20 ft, 60 deg at 
?7 ft;   joints parallel flow 

Botton of hole 

LEGEN]! 

DEGREE OF FRACTURING 

Silt and Rock Fragnents 

%? Vltrophyre Breccia 

J Vltrophyre, vesicular 
3 ?0  Points of intersection of 
■j 20  Individual joints with 
■j U5  dip as indicated. 

D- 
Felsite, glassy 

Figure A.5    Logs of Core Borings 2.k and 2.5. 



PROJECT PRE-5CHOONER II 

S 267,261.6   E 5,'7,627.7 

U626. OftKSL 

So-fi   frock only) 

estimate    1000 ft 

SU(DY SILT    (0 to 3.6 ft) 

tan, vith fragments of vitrophyre 

 Top of rock  

VITHOPHYKB    (3-6 t i.5 ft) 
'7E ■Ä55 

vesicular, black with red 
oxidised zone around vesicles, 
porphyrltics 10 to 20$ vesicles; 
15< feldspar euhedra l/l6 to 
1/8 in.; red oxide coats Joints. 

flow layers dip 20 de£. 

VITROPHYRE (lS.5 ft to bottom) 

black with reddish flow layers 
dipping 90 deg at 20 ft, 55 deg 
at 26 ft; 10 to 15# feldspar 
euhedra; 1/2 in. lithophysae at 

Bottom of hole 

D Silt and Rock Frafjnents 

a Vitrophyre Breccia 

ED Vitrophyre; vesicular 

I Felsit'e, glassy 

figure A. 6    Log of Core Boring 2.6. 

LEGFTO 

DEGREE OF FRACTURlrro 

|J   Fragments average 1 in.  or range 
lj$    less than 1 in. to 2 in. 

1 30     Pointi of intersection of 
■] 20     individual Joints with 
■J 45      dip as indicated. 
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PROJECT PRZ-.~CHO0!TER II 

I g67,5Cl.g    £ 5'-l,S^.r- 

h6£k.Q :t   K."L 

k by 5-1/3 in.   Qia: 

csttaite    1000 '_ 

■-ILT     (0 to  7.0  ft) 

VITIIOPTfBE    (7.0 to 10.Q ft) 
lol-ialj  jjray to black,  slightly 
Lcular;  10 to 15? feldspar 

Ieuhedraj  thin,  orange flow layers 
IVit 10 ft    dip 70 <3es. 

I VTTROPffYRE BRECCIA  (10.6 to 25.5 ft) 

| 50£ vltrophyre fragnents 6  in. 
| minus In porous orange aatrix of 

JS shards;  vltrophyre  is veslc- 
r;  veinlets of orange matrix 

I ezt-n-1 10 ft  Into glassy felsite 

(25.5 to 39-7 ft) 

I glassy;  dark gray,  dense  flov layer 
(alternating uith brown,  porous 
Jlayers  ( to 1 In.  thick) dipping 
|70 to 90 deg;  lOji feldspar euhedra, 
Il/l6 to 1/8 in.  across;  10*. voids 
I In porous layers;  steep 1 in.  veln- 
"ilets orange glass shards to 37 ft; 
Ijrock breaks by taps of hairier to 
ll/9-ln.  chips locally. 

LV 

FELSITE  (39.7 ft to bottom) 

gray to brown, porphyritlc, nicro- 
crystalllne matrix;  hard;  lOj 
feldspar euhedra,  otherwise as 
above;  calclte coating suggests 
minor voids. 

1*0 to 56 ft, flow layers dip 80 
90 deg, paralleled by dominant 
Joint set. 

flow layers dip 30 deg. 

63 to 85 ft, flow structure 
Indistinct;  joints are smooth, 
planar with l/6lf-in.  calclte 
closing space. 

faint flow layers dip 10 deg. 

65 to 105 ft,  variable Joint 
orientations but one set persists 
dipping 10 to 30 deg. 

&_:; 

'J 

(Continued) 

PROJECT PRE-SCHOONER II 

BORING   NO,                                                             2<7        (Cor,tlnued) 

LOCATION   (IDAHO    STATE COORDINATES!: 

ANGLE OF   BORINO; TYRE OF BORING: 

BEAHiNG: ORILLLNO ASENCV: 

EL TOP OF HOLE: DEPTH TO WATER TABLE: 

TOTAL   DEPTH: MOLE STARTEO: 

TOTAL   CORE   RECOVERY; HOLECOMPLETEO 

"- 
DEPTH 

,0= — 
RECOV. 

JOINT DATA 
MID. 

DEG 
ti52U.O 100 

105 1519.0 

FELSITE     (as above) 

Bottom of hole 

0.6 to 20.6 ft, hole 
grouted. 

25 to UO ft, core see 
ments less than 1/2 1 
to 6 in. 

UO t 56 ft, seg- 
mented to less than 
1/2 in. up to 1-1/2 in. 
on Joints and flow 

hh  to 52 ft, Grouted 
after encountering h  ft 
fall-in at 50 ft. 

D Silt and Boole fragments 

I Vltrophyre Breccia 

I Vltrophyre, vesicular 

DECREE 2E FRftgnrama 

Core segments or fragments average 
2 in. or range 1 in. to 6 In. 

■] 30     Points of Intersection of 
■] 20     Individual Joints with 
■i k$     dip as Indicated. 

Figure A. 7    Log of Core Boring 2.7. 
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PROJECT PRE-5CHO0HER II 

M 267,533-0   E git7)35l.U 

15&    (rock only) 

NX    Diamond 

itimate    1000 ft 

30 April 1965 

SAHDY SILT    (0 to 7-0 ft) 

IS' 

v J 

VITROPHYRE (7-0 ft to bottom) 

vesicular, black; 10$ feldspar 
euhedra 3/3? in, across; less 
than 5J) small vesicles; red 
oxide and calcite coating on 
joints; 3/'>-in. lithophysae at 
17 ft. 

dark red flow layers at 19 ft, 
dip 65 deg. 

Bottom of hole 

PROJECT PRE-SCHOONER II 

I 257,615-1-    E 5kj,S>2£.6 

52jS    (rock only) 

NX    Diaaond 

30 April 19-^5 

SANDY SILT    (0 to  5.8 ft) 

tar!,  with vitrophyre fra^ne 

VrTKOPHYRE BRECCIA 

(5.8 to 29-!' ft) 

porous,  orange matrix of gla; 
shards containing 5°£ "black 
vitrophyre fragments 8 in. 
minus;  15$ voids in matrix. 

2E 

FELSITE    (29.li ft to bottom) 

glassy; dark brownish gray 
yith dark gray flow layers 
dipping 60 to 90 deg; hard; 
20% flat vesicles 1/6 in. 
long parallel flow layers; 
5$ feldspar phenocrysts. 

7/M 

y// 
/2U/ 

30 to Uo ft,core i 
mented 3 to 8 ir.., 
mostly drill brea> 

J L 
Botto- of hole 

DEGREE OF FRACTUP.IKG 

Silt and Rock Fragments 

I Vitrophyre Breccia 

Vitrophyre,  vesicular 

■J ^0      Points of intersection c 
■j 20      individual Joints with 
■I U5      dip as indicated. 

D1"*" 

Figure A.8    Logs of Core Borings 2.8 and 2.9. 
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PROJECT PRE-"CHOCIfEH II 

I62h.8 ft MSL 

lilt    (rack only) 

TJX    Dianond 

cEtiaate    1000 ft 

?°P ' 

VITROPHYBE     (i.2 to 12.2 ft) 
black;  1% feldspar euhedra 
(    1/1'j  to 1/3 in.);   % 
vehicles. 

1 VITROPHYRE BRECCIA  (12.2 to 21.0 ; 

black vit.ropr.yrc fra; 
matrix, of glass  snar« 

,V 
V/ — / 

'4 

'k 

FSLSITE   {21.0 to 33.0 ft) 

-lass;',  dark p"ay with brown 
flow layers  (l/l6  to 1/6 in.) 
dipping CO to 90 de^;  porphy- 
ritic;  10fl feldsnar phenocrystc 
15* lithophysoc l/'3 to l-l/!t  in 
dian;    none below  3° ft-     27 to 
33 ft     155 vesicles less than 
l/lo in.  across  in flow layers 
l/'i  in.  apart. 

FELSITE     (33-0 ft to bottoc) 

brownish gray, hard, porphy- 
ritic; faint flow structure 
as indicated;  10* feldspar 
euhedra. 

1O.5 to U6.U  ft,   % snail 
resides dipping  30 to  50 

flow layers dip 60 deg. 

r 

67 to 115 ft, Joints are snooth, 
planar with thin calcite coating 
l/6'i to 1/6 in. thicX; many dips 
in range 0 to 'tO deg. 

flow layers dip 0 t 

flow layers dip 30 deg. 

flow layers dip 0 t 

4 

RECOV. 

JOIIIT DiTA 

] 20 ft,  cuttings only. 

lost all air 

90 

50.6 to 6? ft,  drilling 
characteristics  suggest 
joints as above;  core 
segments less than 1 in. 
to  3 In. 

67 to 115 ft, mc 
segments 1-1/2 t 
long. 

I     I 
regained 25$ air return 
at 70 ft, 50$ from 72 ft 
to bottom. 

95 to 101 ft,  aubhori- 
zontal Joints,  2 in. 

PROJECT PRE-3CH0CMER II 

?.10     (Continued) 

F 

F 

FELSITE  (as above) 

flow layers dip 0 to 10 deg. 

UO to 11'- ft,tight Joints 
coated with calcite parallel 
flow layers. 

110.U to XV*  ft,closed, 
subparallel Joints 
spaced l/k  to 1/2 in. 

J L 
Bottom of hole 

JJXJEHD 

DBSREE OF 7RACTUBIHG 

D Silt and Rock Fragments 
I Vitrophyre Breccia 

Vitrophyre, vesicular 
-j 30  Points of intersection of 
-\ 20  individual Joints with 
4 U-5  dip as Indicated. 

j Felslte, glassy 

Figure A.9    Log of Core Boring 2.10. 
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Silt and Rode Fragments 

| Vitrophyre Breccia 

Vitrophyre, vesicular 

LEGEND 

DEGREE OF FRACTURING 

Fragments average 1 in. or range 
less than 1 in. to 2 In. 

3 30  Points of intersection Of 
■j 20  individual joints vith 
4 h$     dip as indicated. 

\fj| Felsit'e, glassy 

Figure A. 10    Log of Core Boring 2.11. 
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PROJECT PRE-3CH00NER II 

!i 2u7,531-9   E 5^7,622.4 

U6A.0 ft MSL 

80*      (rock only) 

> by 5-1/2 i 

estijnate    1000 ft 

amor SILT    (0 to 6.0 ft) 

tan, with vitrophyre fragments 

VITROPHYRE BRECCIA  (6.0 to 23-0 ft! 

black glass fragments In orange 
matrix of glass shards; porous; 
vesicular vitrophyre fragnents 

I at 18 ft contain lithophysae; 
6 in. brownish gray felsite 
fragments at 21 ft. 

VZft /?>/, 

M 
Ah 

FELSITE    (23.0 to  50.5 ft) 

glassy in upper several feet; 
Brownish gray vith brown layers; 
hard, porphyritlc;  layers are 
swirled and contain lithophysae 
or inclusions; 15* feldspar 
euhedra 3/32 in.  long. 

FELSITE    (50.5 ft to bottom) 

brownish gray, hard, porphyritlc; 
faint flow layers dip 80 to 90 
deg fron $k to 75 ft; 10* feldspar' 
phenocrysts; interval $i to 6k ft. 
can be broken by light taps of 
banner to l/l* in. fragments. 

calcite coats smooth, planar 

91 to 9>» ft, l*-ln. brecciated 
vein dips 00 deg; calcite 
filling. 

97 to 102 ft, h-in. brecciated 
vein dips 80 deg; colloform 
calcite on fragments; 20* vugs 
up to 1-1/2 In. across. 

* 
RECOV, 

-3B 

lated by joints, one 
set dipping 30 to 70 
deg, spaced h  in. 

at 1*7 ft, air return 
dropped to 50*, 10* 
at 50 to 55 ft. 

I     I 
5>* to &t ft, core seg- 
ments less than 1 in. 
to 3 In. 

regained 50* air return 
at 55 ft, 75* return at 
57 ft, 100* from 66 ft 
to bottom. 

6h  to 81 ft, core seg- 
ments less than 1 in. 
to 6 in.j steep, closed 
joints 3paced 1 to 2 in. 
one set dominates. 

81 to 91 ft, core seg- 
ments less than 1 in. 
to h in.j mostly less 
than 1-1/2 in. 

PROJECT PRE-SCH001TER II 

BORING  NO.: 2.12    (Continued) 
LOCATION  INE V.DAS TÄTE COORDINATES!: 

ANGLE OF  BORING: TYPE OF BORING: 

BEARING: ORTUNG AGENCY: 

EL TOP OP HOLE: DEPT H TO WATER TABLE: 

TOTAL DEPTH: HOLE STARTEO: 

TOTAL CORE RY: HOLE COMPLETEC 

,,«.. DEPTH 
.0, — 

RECOV. 

JOIBT DATA 

"PT" m 
U52U.O 

100  ■ 

105 ■ 

110   ■ 

115 - 

120 Ü501+.0 

'h' 

'I' ix/ 
/K 
IM 

1 

FELSITE    (as above) 

flow layers and subparallel 
joints dip 10 to 20 deg. 

113 to 116 ft, 3/Ö to 1-in. 
brecciated vein with calcite 
and clay, dips 85 deg. 

102 to 116 ft,  core 
3egaents 1 to 6 In. 
two dominant joint sets 
dip 30 and 60 deg. 

116 to 120 ft, core 
segnents 1 to 20 in. 

1     1 

100 

100 

100 

taps of burner to l/lf-in. frag- 
ments, many joints parallel to 
faint flow layers dipping 
0 to 10 deg. 

100 

(Continued) 

Bottom of hole 

DEGREE £]£ FBACTURIHS 

D Silt and Rode Fragments 

{sMi Vitrophyre Breccia 

I Vitrophyre, vesicular 
-j 30     Points of Intersection of 
■j SO     Individual Joints with 
■i 1*5     dip at Indicated. 

3 Felsite, glassy 

Figure A.11    Log of Core Boring 2.12. 
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PROJECT PRE-SCHOOHER  II 

H 267,090   E 5^,''7Q 

25 - Jo 

bl$    (rock only) 

irette    1000 f 

SASPY GILT     (0 to 7-8  ft) 

tan,   with  fragments  Of 

YITROPrYRE     (7.6  to  ;i5-2  ft) If 

20.3 to  3'.9 ft,     3O to IsO-J 

32.1 to 3>t.7 ft,     vesicular. 

).l to  3O.6  ft,     20£ vesicles, 

38.6 to 's 5.1».  ft ,sllghtly vesic- 
ular,  lineated with plunge 75 deg. 

%5 

SB     VITliDPITYliE   (It5.lt   to 66.0 ft) 

black, with reddish brown flo* 
layers lipping 30 to 60  leg; 
slightly vesicular; smooth, 

l/2-in., vesicular layers at 
51 ft, spaced 2 in., dip 50 de 

fit]  lineated vesicles at 5:i ft 
plunge 35 deg. 

VITROPirYKE BRECCIA   (66.0 to 77-0 ft) 

3 black to brown vitrophyre fragments 
in orange matrix of glass shards; 

I porous;  2-in. minus. 

viTnoPimiE   (77.0 t 

black, with few red 
flc-.- layers; sorae layers \ 
some l/2-in. layers higlil;, 
glassy felsite;   dips range 

3.0 ft) 

FELSITE     (88.0 to 121.3 ft) 

glassy;  dark brown with flow layer* 
of black vitrophyre;  porphyritic; 
93 to 113  ft, permeable,  vesicular' 
zones between fragments of felsite 
grading to l/2-ln.vesicular flow 
layers  dipping 75 deg;   crushed 
appearance suggests  some movement. 

i 
RECOV. 

1 

7.8 to -15 ft, core s 
ments 1 to 6 in., mc 
.joints  dip 0 to 'tO £ 

U5 to 66 ft, core seg- 
ments 1 to U in.; most 
Joints  dip 0 to hO deg. 

66 to 77 ft,  core  s 
ments less than 1 i 

77 to 88 ft,   subhori- 
sontal joints spaced 
2 in. isolate core 
segments 1 to 2-1/2 in. 

95 to 100 ft,  lost all 

_1_L 

PROJECT PR?>",c'ioo:;Ea n 

J.l     (Contiw(i) 

FEL;iITB       (as above) 

«5» 

3« 

m 

15°  1ft I 

FELSITE (191.3 ft to bottom) 

alonr joints, porphyritic; hard; 
some vesicular layers; >i0^ crys- 
talline lens, l/32-in. thick 
dispersed in glassy matrix; flow 
layers dip 80 der;.  10 to 25^ 
feldspar euhedra; tan clay or 

Jml 
Bottom of hole 

LEGErm 

DEGREE OP FRACTUETKG 

ft Vitrophyre Breccia 

Vitrophyre, vesicular 

Felsite, glassy 

■j 30  Points of Intersection of 
j 20  Individual joints vlth 
j 1(5  dip as Indicated. 

Figure A.12    Log of Core Boring 3.1. 
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PROJECT PRE-3CHOOHEB II 

H 271,450   E 555,^30 

5l£    (rack only) 

NX    Diamond 

cstfcnate    1000 ft 

SAIIDY SILT    (0 to 2.5 ft) 
tan, with fragments of vitrophyre 
  Top of rock    

R0PR7RE BRECCIA  (2.5 to 35.6 ft) 

klsh orange granular matrix 
h black fragments of vitrophyre; 
ular vitrophyre fragments to 
n.  across; matrix consists of 
minuted vesicular vitrophyre; 
ters of shards are glassy, 
ders are crystallized;  con- 
idated by secondary minerals 
partial welding. 

_____      Gradation 

FELSITE     (35.6 to   52.0 ft) 

Classy; black, mottled;  10$ 
feldspar phenocrysts;  red oxide 
coating on closely spaced 
smooth incipient joints, 

waxy,  yellow siliceous gel on 
some joints    shows polishing, 
possibly due to niinor slip. 

FELSITE    (52.0 ft to bottom) 

dark gray at ton  to gray below, 
mottled; porphyritic;  10 to 25?> 
feldspar cuhcdra  (l/l6 to l/ß in, 
across)  in nicrocrystalline 
matrix;  red oxide coating on 
smooth,  incipient  joints;  down 
to 100 ft,  no red below;  cal- 

; coating and siliceous 
Gel c open join 

f 
AJ/ 

f i 
faint flow layers of alternating 
red and gray felsite dip 30 to 
40 deg. 

2-5 to Ui ft,Joints 

1*1 to 52 ft,core seg- 
ments range from lesr 
than 1 in.  to 6 in. 

52 to 68 ft,fragments 
isolated by incipient 
Joints average less 
than 1/2 in.  across; 
can be crushed by hand; 
prooably permeable; 
required grouting of 
interval 6l to 82 ft. 

PROJECT PRE-3CK00IIER 

BORING NO.:                   jj.l    (Continued) 

eL OEPTH 2 JOINT aiTA 

REC0V. MID 
FT DEG 

1.399 100 « 
FELSITE     (as above) 

% 58 to 150 ft,core seg- 
ments range from less 
than 1 in.  to 3  in.; 

scattered flow layers of reddish most joints and other 

105 - fclsitc dip 45 deg. fractures    dip 0 to 
30 deg. <//. 

ft 
'//, 
/// 

110  - 

\/'/ 
Ü} 

'/■a 

1 
115 ■ 1 

# 

% 
vA 
'f\ 120 ■ n 

\ll 
125 - 

/I- 

At* 
1 

IjU- 

1'/ '///. v// 
1" ■/// 

\h /&. 
135- 

scattered flow layers of reddish 
felsite dip 10 deg. 

1 
<-/, 

lUO - 

!'_' '// 
■// 

w! v, 
1   , /,w 

lts- >'.!, /// 

w 150 
% & 

Bottom of hole 

DEGREE OF FRACTURIHG 

Silt and Rock Fragments 

jSjJSffl Vitrophyre Breccia 

ypS   Vitrophyre,  vesicular 
1 30     Point* of intersection of 
1 20     individual Joints vith 
] 45     dip as indicated. 

HI MS 
Felsite, glassy 

Figure A. 13    Log of Core Boring k.l. 
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LOG OF ACCESS CALYX HOLE - PRE-SCHOONER I 

o 
Open joint or fractur 

Tight joint or fractun 

Cavity beyond generi 
of hole 

Note:This log is sehen Verti 
is appro: 

range ra 

Photo Insets show the genera! character of the rock, 

ing exposing highly 
altered volcanic glas 

glass matrix holding angular fragments of black 
volcanic glass or obsidian ranging from 0.02 to 
0.8 ft maximum dimension. 

Solid welded mass with few 

Exposed fragments of highly fractured 

p.eminent structural plane enters the hole 
5m the SW.    It is open to 2 in. with one 
looth planar wall (N. side) and one wall c 
ushed rack.   Plane migrates across the hoi 
aving through north wall at 41.7 ft. 

Approximate contact;   gradationol, 
changing from typical vilrophyre 
breccia of 26 ft to glassy felsite at 
29 ft.   Matrix of the breccia rapidly 
changes from small black obsidian 
fragments in altered glass matrix to 
uniform glassy to ophanitlc,  porphyrll 
red-brown felsite. 

Near the lop of the sequence the felsite 
is characterized by a hard,  glassy matrix 
with subhedral to anbedral white and 
black phenocrysls.    With depth, the 
matrix becomes more crystalline and 
darker in color.    The phenocrysls become 
moreeuhedral. 

The rock Is permeated by small fracture 
planes similar to conchoidal fracturing 
In obsldion.       Fairly good cohesion 
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LOG OF ACCESS CALYX HOLE (Continued) 

Highly fractured as above bui lacks 
cohesion along planes.   Easily eroded. 
Walls of shaft eroded up to 3 in. deep. 

(Not oil fractures shown). 

As above with waxy luster.   Cohesion 
returned to small Fracture planes. 
Walls eroded only along joints.   Most 
cavities in wall from loss of wedge 
shaped fragments bounded by joint plani 

Most joints are short and curved. 

T.D. =61.2 ft. 
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APPENDIX C 

PHYSICAL TESTS AND VISUAL EXAMINATION OF 
ROCK CORES FROM PRE-SCHOONER II SITE 

C.l DETERMINATIONS OF SPECIFIC GRAVITY 

The following formulas were used to calculate specific 

gravities: 

Bulk specific gravity (SSD) or G m 

W 
G 
m  W - W w 

Where: W = weight in air of the saturated, surface dry specimen 

W = weight in water of the saturated specimen 

Bulk dry specific gravity G 

W 
Go ~ v~T~ o w 

Where: W = weight of oven-dry specimen 

V = measured volume of specimen 

7 = density of water at temperature of test specimen 

Specific gravity of solids G 

W 
G sa 

W sa W sw 

Where: W  = weight of dry crushed material in air 
S3, 

W  = weight of material in distilled water under a vacuum sw 
pressure 
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C.2 SAMPLE DESCRIPTION 

The 13 NX core samples chosen for testing are illustrated and 

described in Figure C.l. 

C.3 SAMPLE PREPARATION AND COMPRESSION TESTS 

All samples were prepared in the following manner.  The length- 

diameter ratio was approximately 2.0.  The sawed ends of the cores 

of massive felsite were prepared by surface grinding.  The ends of 

the remaining cores were prepared by capping sawed ends with hydro- 

stone.  The different manner of end preparation has very little 

effect on the strength of the sample, although experience has shown 

that when brittle rock with ends ground is tested for compressive 

strength, the strength values are slightly higher than when the 

ends are capped.  A uniform loading rate of 50 psi/sec was applied 

to all specimens.  Strain measurements were made by two pairs of 

diametrically opposed SR-i+ strain gages bonded to the specimen. 

Stress-strain curves obtained from these tests are shown in 

Figure C.2. 
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APPENDIX D 

PETROGRAPHIC EXAMINATION OF ROCK COEES 
FROM BORINGS 2.1 AND 2. 3 

D. 1 SAMPLES 

Samples of four NX-diameter rock cores from Borings 2.1 and. 2.3 

at the project site were received for petrographic analysis.  The 

samples consisted of short end pieces of core, the tops and bottoms 

of core lengths from which cylinders for physical tests had been 

sawed. 

D.2 TEST PROCEDURE 

The samples were examined with a stereoscopic microscope on 

cored, freshly broken, and sawed surfaces.  The compositions of the 

feldspar phenocrysts and the glassy groundmass of each sample were 

determined from grain immersion mounts with a petrographic micro- 

scope.  Representative samples of each rock and of hand-picked 

phenocrysts from each rock were prepared and examined on an X-ray 

diffractometer.  A thin section of Sample k  was made and examined 

with a petrographic microscope.  Photomicrographs of a selected area 

within the thin section and of the sawed surface of the rock were 

made to illustrate pertinent features. 

D. 3 RESULTS 

D.3.1 Sample 1 (Boring 2.1, Depth 17.7 to 18. 5 Feet).  The 
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sample was a brownish-black (5YE 2/l), glassy, porphyritic igneous 

rock consisting of white, clear, and tan subhedral to anhedral 

feldspar phenocrysts and scattered pyroxene phenocrysts in a dark 

glassy matrix.  The feldspar phenocrysts ranged in size from less 

than l/l6 to about 3/8 inch in longest dimension, most frequently 

l/l6 to l/8 inch.  The rock was rather soft and could easily be 

scratched with a needle; it was readily fragmented with light hammer 

blows and even by crushing between the fingers.  Much of the ground- 

mass has a resinous luster; an iridescent play of colors could be 

seen on freshly broken surfaces.  The glassy groundmass had a some- 

what perlitic texture.  Abundant perlitic cracking was noted on 

sawed surfaces. When the rock was fractured with a hammer or 

crushed between the fingers, the glass usually broke up into rounded 

grains.  This kind of breaking is related to water content and cool- 

ing history of the lava from which the rock solidified.  The rock 

was only very slightly vesicular.  Most of the apparent vesicles 

observed on sawed surfaces were due to small, rounded glass grains 

plucked out by the sawing action. 

The sample constituting the top piece of the core length was 

about 3-l/2 inches long, massive, and virtually unweathered.  The 

bottom piece was about 2 inches long and was fractured on one sur- 

face at about 30 degrees to the axis of the core.  That part of the 

rock bordering the fracture and extending back into the rock from 
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1/h  to l/2 inch was highly weathered and leached to a soft, 

yellowish-white material. X-ray diffraction analysis of this mate- 

rial indicated that it was composed of a mixture of amorphous glass, 

residual feldspar from phenocrysts, and a poorly crystalline clay 

mineral that was probably halloysite. 

X-ray diffraction analysis of the unweathered rock indicated 

that it was composed of glass, plagioclase feldspar, very minor 

amounts of pyroxene, and a trace of quartz.  Index-of-refraction 

measurements and other optical properties obtained from grain 

immersion mounts of the feldspar phenocrysts indicated that the 

feldspar was oligoclase.  Grain mounts of the glass indicated that, 

although it was essentially amorphous, it was almost opaque because 

of the presence of myriads of extremely small bubbles, microlites of 

iron oxide, and needlelike crystallites embedded in it, which were 

visible only at 450X.  The index of refraction of the glass was 

near 1.500.  The silica content of the glass, based on the index of 

refraction, was about 72 percent.  When a small, coarsely ground 

sample of the rock was subjected to magnetic separation with an 

electromagnet, virtually all the glass particles were picked up, 

leaving only the fragments of feldspar phenocrysts and a few small, 

almost spherical quartz grains in the nonmagnetic fraction.  The 

roundness of the quartz grains indicated that the quartz had been 

an early product of crystallization, rounded by corrosion by the 
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magma to the extent that all crystal outlines had been lost. 

The composition and texture of the glassy groundmass of the 

rock, together with the acid plagioclase phenocrysts--oligoclase-- 

suggest that the magma from which the rock solidified was of 

rhyolitic composition.  Based on composition and texture, the rock 

was classified as a porphyritic rhyolite vitrophyre, 

D.3.2 Sample 2 (Boring 2.1, Depth 26. k  to 26.9 Feet).  The 

sample consisted of two pieces of core, each about l-l/2 inches long 

and bounded by a fracture plane running diagonally along one side at 

about a 50-degree angle to the axis of the core.  The rock was 

brownish-black, glassy, porphyritic igneous rock with discontinuous 

paper-thin to l/l6-inch-thick layers of dense, reddish-brown glass 

dipping at about k-5  to 60 degrees to the axis of the core.  The 

layering was approximately normal to the fractured surfaces.  The 

phenocrysts consisted of euhedral to subhedral feldspar and a few 

corroded quartz and ferroan mineral crystals of similar size and 

distribution to those in Sample 1.  The groundmass of the top pieces 

of core exhibited two types of texture, partly the perlitic type, as 

in Sample 1, and partly a more dense, nonvesicular, layered texture 

composed of somewhat devitrified glass.  The bottom piece of core 

was the dense, layered type.  The rock was highly fractured with 

short, irregular, intersecting cracks that rendered the small pieces 

of core very weak.  They could easily be broken into small fragments 
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by crushing between the fingers.  The rock was relatively un-  ■ 

weathered, although the two principal fracture surfaces were 

partially coated with dusty white powder. 

X-ray diffraction analysis indicated that the rock was composed 

of plagioclase feldspar, poorly crystalline, disordered cristobalite- 

tridymite, resulting from devitrification of the glass, traces of 

quartz, and possibly very minor amounts of pyroxene.  Grain immer- 

sion mounts indicated that the feldspar phenocrysts were oligoclase. 

The glass in the two textural varieties was distinguishable in grain 

mounts.  The perlitic glass, like the glass in Sample 1, was almost 

entirely amorphous, contained crystallites and bubbles, and had an 

index of refraction near 1.50.  The more dense glass, on the other 

hand, possessed a very dull salt-and-pepper birefringence, appeared 

to contain fewer bubbles, and had a mean index of refraction near 

1.51.  The presence of disordered cristobalite-tridymite, demon- 

strated by X-ray diffraction, was suggested by the wedge-shaped 

extinction units in the glassy matrix.  The X-ray diffraction inter- 

pretation is believed correct, since both cristobalite and tridymite 

and disordered mixtures of the two are common products of devitrifi- 

cation of siliceous volcanic glasses. Evidences of partially 

crystalline order could be detected by X-ray diffraction before the 

same sample was shown to be crystalline by the light microscope. 

Although there were slight differences in composition and 
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texture between this rock and Sample 1, the similarities of the two 

rocks were such that this rock was also classified as a porphyritic 

rhyolite vitrophyre. 

D.3.3 Sample 3 (Boring 2.1, Depth 109.5 to 110.0 Feet).  The 

sample consisted of two pieces of rock core with a total length of 

2-lA inches.  Both pieces were described as having come from the 

top of the core length.  The rock was a dense, porphyritic, light 

brownish-gray (5YR 6/l), purplish-tinged igneous rock.  The pheno- 

crysts were of similar size and composition as in the other two sam- 

ples.  The rock contained a few paper-thin, discontinuous, recemented 

cracks running about 15 to 25 degrees to the axis of the core.  No 

signs of physical weathering other than a slight discoloration of 

the top fracture surface were noted. 

X-ray diffraction analysis of the ground rock indicated that it 

was composed of plagioclase feldspar, disordered cristobalite- 

tridymite, traces of quartz, possible pyroxene, and possible alkali 

feldspars.  The plagioclase in the phenocrysts was oligoclase.  The 

lines produced by tridymite-cristobalite were sharper than the corre- 

sponding lines in patterns of Sample 2, indicating better crystal- 

unity achieved by more complete devitrification of the glass.  The 

glass was more birefringent than in either of the other two samples, 

having a salt-and-pepper appearance not unlike that of chert when 

viewed through crossed nicols; the mean index of refraction of the 
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glass was about 1.504.  Even at extremely high magnification the 

optical properties of the birefringent material in the glass could 

not be determined with any degree of accuracy.  An X-ray pattern of 

the glassy material that had been hand-picked to exclude as many of 

the phenocrysts as possible indicated that the glass probably con- 

tained some alkali feldspar in addition to the tridymite-cristobalite. 

This feldspar was probably present in the glass as cryptocrystalline 

felsitic aggregates of feldspar and tridymite-cristobalite. 

Iron oxide microlites were present throughout the glass.  After 

grinding, virtually all the glass was attracted by an electromagnet. 

The rock was also classified as porphyritic rhyolite vitrophyre 

on the basis of its mineral composition and texture. 

D.3.4 Sample 4 (Boring 2.3, Depth 1+3.4 to 44.0 Feet).  The 

sample consisted of two pieces of core.  One piece was about 2-l/2 

inches long, one end being a saw cut and the other a fracture plane 

approximately normal to the axis of the core.  A small piece had 

been broken off the core along a high-angle fracture plane (at about 

80 degrees to the other fracture).  The other piece was about l-l/2 

inches long, with one end formed by a saw cut and the other by a 

fresh, rough fracture at about 30 to 45 degrees to the axis of the 

core.  The rock was unweathered. 

The core consisted of a somewhat marbled, reddish-brown and 

brownish-black, glassy, porphyritic rock made up of highly brecciated 
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brownish-black porphyritic and slightly perlitic-textured volcanic 

glass that had been thoroughly intruded by reddish-brown slightly 

vesicular glass.  The vesicles were concentrated in very thin vein- 

lets of the red glass, which had intruded between the brecciated 

black glass particles.  The vesicles were usually elongated, and 

were probably formed as the result of cracks between the brecciated 

particles being incompletely filled with the molten lava before it 

solidified to form the red glass.  The black glass itself was similar 

in composition and texture to that of Sample 1. 

Phenocrysts in the rock consisted of white to tan euhedral to 

subhedral plagioclase feldspar crystals measuring from about l/l6 to 

l/8 inches in longest dimension, a few clear to yellowish-green 

pyroxene phenocrysts, and a few corroded quartz crystals of similar 

size.  The glass had a vitreous luster on freshly broken surfaces. 

The rock was only moderately hard, could easily be scratched 

with a steel dissecting needle, was readily crushed with light 

hammer blows, and small pieces could be crushed between the fingers. 

Crushed fragments entirely composed of or containing black glass were 

attracted by an electromagnet, whereas fragments of red glass only 

were nonmagnetic. 

Grain immersion mounts of the black glass indicated that it was 

amorphous to the light microscope; however, the presence of many 

extremely small microlites of opaque iron oxide, and of needle and 
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lath-shaped crystallites rendered the particles almost opaque to 

transmitted light.  The index of refraction of the glass was near 

1.500 (I.498-I.502).  Grain mounts of the red glass, on the other 

hand, showed that it varied from amber in small grains to deep 

reddish-brown in larger, thicker grains.  These grains also contained 

tiny crystallites, most of which were lath- or rod-shaped; however, 

very few iron-oxide microlites were seen.  The red color of the 

glass was undoubtedly due to the presence of ferric iron in solid 

solution in the glass.  The index of refraction of this glass was 

slightly higher than that of the black glass:  1.506 versus 1.500. 

Both glasses had silica contents in excess of 70 percent, based on 

index of refraction.  The composition of the plagioclase phenocrysts, 

as determined from index of refraction and other optical properties 

and from X-ray diffraction, was oligoclase. 

In thin section the black glass appeared as light-gray to 

brownish-gray amorphous glass in which flow structure was evidenced 

by slight color banding.  The bands were composed of darker and 

lighter gray glass containing many extremely small microlites 

oriented essentially parallel to the banding.  Perlitic texture in 

the glass was exhibited by the presence of rounded perlitic cracks. 

In some cases the glass in the center of the perlitic crack rings 

had been plucked out during the preparation of the thin section. 

Cracks between the brownish-gray particles were filled with the 
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intrusive red glass.  The contact between the brownish-gray glass and 

the red glass was usually characterized by a thin yellowish zone 

next to the brown glass followed by a thin, deep red zone that 

graded into a lighter, reddish-yellow, locally vesicular glass that 

constituted the major part of the crack filling.  In some instances 

the yellowish zone next to the brown glass was not present.  The 

zoning might possibly be due to partial melting of the surfaces of 

the brecciated brown glass particles by the molten red glass. 

Figure D.l illustrates the zoning described above.  Phenocrysts 

observed in the thin section consisted mainly of plagioclase feld- 

spar in varying stages of alteration and corrosion, a few quartz 

crystals with corroded edges, and fairly abundant pyroxene pheno- 

crysts, many of which were altered in part to iron oxide.  An occa- 

sional spherulitic particle, probably cristobalite, was noted in the 

red glass.  Figures D.l and D.2 show the texture of the rock and 

illustrate the amorphous character of the glass. 

X-ray diffraction analysis of the rock indicated that it was 

composed primarily of glass with minor amounts of plagioclase feld- 

spar, very minor amounts of quartz and pyroxene, and possibly small 

amounts of poorly crystalline cristobalite.  X-ray patterns of both 

the brownish-black and the red portions of the rock were characterized 

by broad halos due to amorphous glass. 
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D.k    SUMMARY 

Petrographic examination and X-ray diffraction analysis of 

four core samples indicated that all had similar mineralogical 

composition, being composed primarily of megascopic plagioclase 

feldspar phenocrysts (oligoclase) and a few small corroded quartz 

and ferroan mineral phenocrysts in rhyolitic glass groundmass. 

Three of these samples were classified as porphyritic rhyolite 

vitrophyre.  The glass in Sample 1 was essentially amorphous, but 

the glass in Samples 2 and 3 was progressively more devitrified. 

The products of devitrification in the latter two samples were 

disordered cristobalite-tridymite, and perhaps cristobalite- 

tridymite-alkali feldspar intergrowths in the case of Sample 3. 

None of the samples were physically weathered to a significant 

degree, although some leaching was observed along a fracture plane 

in Sample 1.  The glass in Sample 1 was softer than that in the 

other two samples owing to its perlitic structure.  Sample 2, 

although hard and dense, was physically weak due to internal 

fracturing.  Sample 3 was both hard and dense and contained no 

open fractures. 

Petrographic examination of Sample h  indicated that it was 

an unweathered porphyritic rhyolite vitrophyre that had been 

thoroughly brecciated and later recemented by intrusion of reddish- 

brown rhyolite glass.  Except for the fact that the rock had been 



brecciated and later intruded, Sample k  was very similar in com- 

position and texture to Sample 1, and the two types should exhibit 

similar physical properties. 
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Figure D.1 Sample k,   sawed surface of core cut par- 
allel to axis of core.  The light-colored portions 
of the groundmass of the rock are composed of reddish- 
brown glass that surrounds the darker glass fragments. 
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A.  Photomicrograph 
in plane light. 

B.  Photomicrograph 
in cross-polarized 
light. 

Figure D. 2 Sample k  in thin section.  Photomicrograph A in plane light 
illustrates the textural features.  Complex banding occurs in the red 
glass just inside its contact with the brecciated brownish-black glass. 
Irregular white areas are cavities.  Euhedral feldspar phenocrysts are 
scattered throughout.  Two fractured quartz crystals rounded by corro- 
sion are seen at upper left.  Photomicrograph B is the same field under 
cross-polarized light.  The amorphous character of both the red and the 
dark-brown glass is verified by the almost complete extinction of the 
groundmass. 
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APPENDIX E 

REGIONAL GEOLOGY 

The rocks of south-central Idaho can be divided into mod- 

erately deformed volcanics and continental sediments of Cenozoic 

age and the underlying, highly deformed, sedimentary and intrusive 

rocks of Mesozoic and Paleozoic age. 

E.1 PHYSIOGRAPHY 

The ground surface in the Bruneau drainage basin slopes north- 

ward from the Jarbidge Mountains (elevation 10,000 feet) for 70 

miles to the Snake River (elevation 2,500 feet), with the first 

10 miles on the south being steep and rugged.  A sizable part of 

this surface is on basalt, and in spite of subsequent faulting, 

erosion, and soil development, the surface exhibits some of the 

gross features of volcanic terrain, particularly shield cones and 

lava flows. 

At four of the five areas examined and at the proposed Schooner 

site, older, silicic volcanics constitute the bedrock.  Resistant 

hills of felsite with over 100 feet of relief characterize the 

rounded terrain.  Again, the topography appears to result first from 

primary rock structure and second from erosional processes (see 

Chapter 3). 

The widely spaced, intermittent streams that originate within 
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the area have essentially a poorly developed dendritic pattern. 

Small, shallow playas scattered over the plateau surface adjacent 

to the West Fork Bruneau River have interrupted the development of 

normal surface drainage.  In contrast to the local intermittent 

streams, the few widely spaced perennial streams originating to the 

south have eroded narrow, steep-sided canyons, e.g. the canyon of 

West Fork Bruneau River is about 900 feet deep and less than 1 mile 

wide near the site. 

E.2 STRATIGRAPHY 

Pliocene-Recent rocks in the adjacent Snake River Valley are 

grouped from youngest to oldest into:  (l) the Snake River group 

(basalts and interbedded gravels), (2) the Idaho group (gravels, 

finer grained sediments, and basalt), and (3) Idavada volcanics 

(silicic welded tuff and subordinate, unwelded vitric tuff and lava 

flows).  South of the Snake River, these formations rise and end in 

cliffs exposing the lower, more deformed Tertiary volcanics. 

E.2.1 Snake River Group.  The Snake River group, upper 

Pleistocene in age, consists of interbedded basalt and gravel 

largely confined to the center of the Snake River structural 

depression.  Component formations have been studied in the Snake 

River Canyon near Hagerman where 8 units (Reference k)  with a total 

thickness of 550 feet are exposed. 

E.2.2 Idaho Group. The Idaho group, middle Pliocene in age, 
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has been described in Reference k  in typical exposures along the 

Snake River.  Drilling near Glenns Ferry indicated a thickness of 

3,000 feet, but because this section has probably been deposited in 

a subsiding basin roughly outlined by the present Snake River Valley, 

the group can be expected to thin southward. 

Formations consist of clastic beds and intercalated basalt 

flows.  The elastics generally range from sand to clay, but they 

include some gravel, volcanic ash, and diatomite.  Although the 

beds are consolidated, they are generally not lithified, and mas- 

sive beds several hundred feet thick commonly erode to badlands 

topography.  Seven formations in the Snake River Valley are dis- 

tinguished in Reference h. 

Basalt flows occur in'two formations.  The lower of these 

formations, the Banbury basalt, crops out at or near the-surface 

on much of the plateau that includes the five areas of principal 

interest in this report.  However, at four of the areas, the 

Banbury and younger basalts are missing. 

The Banbury basalt, in the type section on the Snake River, 

is divisible into three parts.  The lowest part consists of at 

least hOO  fe^t of greatly decomposed olivine basalt that usually 

occurs as amygdaloidal flows about 15 feet thick, although some 

columnar flows are about 30 feet thick.  The middle part, about 

100 feet thick, consists mainly of brownish sand and pebble gravel 
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in lenticular stream deposits, but includes some light-colored clay, 

silt, and diatomite in lake deposits as well as beds of siliceous 

volcanic ash.  The upper part of the Banbury basalt, in places 500 

feet thick, is composed mainly of olivine basalt in columnar lava 

flows as much as 50 feet thick.  Thin, lenticular beds of sand and 

silt locally separate flows.  The upper part, although considerably 

weathered, is less decomposed than the lower part. 

E. 2.3 Idavada Volcanics.  Somewhat more disturbed silicic 

volcanics of lower Pliocene age underlie the Idaho group in much of 

the region and form the dominant bedrock in four of the five areas 

discussed in this report.  These volcanics are named the Idavada 

volcanics (Reference k)  and occur both north and south of the Snake 

Elver Valley.  Chemical analyses (Reference 6) suggest that they are 

rhyolites or quartz latites. 

E.2.h    Older Tertiary Formations.  Below the Idavada volcanics, 

rhyolitic rocks of middle or early Tertiary age may be expected. 

Based on the stratigraphic sequence in the Jarbidge Mountains 

(Reference 7), these earlier Tertiary rocks probably consist of 

numerous flows including units regarded as ignimbrites or welded 

tuffs.  Individual flows may range from thirty to several hundred 

feet in thickness.  Although flows dip only gently, they tend to 

rise toward higher elevations as though the Jarbidge Mountains 

occupy a structural dome. 

107 



E.2. 5 Mesozoic and Paleozoic Formations.  Pre-Tertiary rocks 

can be considered together as the basement because they are distinct 

in structure and lithology from Cenozoic formations.  The nearest 

exposure of pre-Tertiary rocks is near Jarbidge, over 30 miles to 

the south.  A single piece of dense limestone found loose on a 

felsite knob, 2,000 feet southwest of the Pre-Schooner II site, is 

interpreted to be a xenolith of wall rock plucked at depth from the 

conduit of the vent from which the lava issued.  Other rocks that 

can be expected to underlie the Cenozoic deposits are quartzites, 

feldspathic sandstones, metavolcanics, and granitoid intrusives. 

E.3  STRUCTURAL GEOLOGY 

Regional deformation becomes more conspicuous with age of the 

formations.  With due consideration for initial (depositional) dips, 

an increase in tectonically induced dips can be expected from less 

than 1 degree in the Snake River Valley to 15 degrees or more in the 

older rhyolite complexes to north and south.  Most of the dips in 

the Bruneau River basin (Figure l.l) are toward the north, and the 

formations above the Miocene units are parts of a gentle homocline. 

Formations are known to steepen, locally, in monoclinal flexures 

adjacent to the Snake River Valley in disappearing beneath younger 

formations. 

Some of the monoclinal flexing has probably taken place over 

faults that are believed to bound the valley.  West-northwest 
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topographic linears shown on the Twin Falls 1:250,000 map and photo- 

graph index in the Sailor Creek aerial gunnery range are at least 

partly a consequence of faulting such as has been found on Bruneau 

River near Hot Spring (Reference 8) and as shown in Reference 9.  A 

west-northwest trend is also prominent to the west among faults at 

Silver City and DeLamar south of the edge of the valley.  Surpris- 

ingly little of the west-northwest trend is evident as faults or 

joints in the area surrounding the test site. 

A second set of linears consisting of fault and/or dike traces 

arranged en echelon trends north-northwest across the area parallel 

to the East Fork Bruneau River.  This trend, which encompasses the 

principal strikes in veins of the Jarbidge district, possibly 

governed the locus of extrusive centers there (see Reference 7). 

These linears may have controlled the localization of the group of 

shield volcanoes aligned north-northwest 6 miles east of the Pre- 

Schooner II site.  A third, conspicuous, localized zone of linears 

trends south 70 degrees west from Sailor Creek, about 25 miles east- 

northeast of the Pre-Schooner II site, to Clover Flat Ranch about 

11 miles east of the site.  The zone is thus Ik  miles long and 2 to 

3 miles wide.  Less distinct extensions of the structures continue 

across the basalt terrain just east of the test site on strikes of 

about east-west.  Presumably, a few of these east-west structures 

reach the immediate vicinity of the test site, though none 
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were recognized there in rield work. 

The increasing degree of deformation with increasing age of 

the formations is a consequence of the accumulation of effects of 

each period of orogenic activity.  Formations of Paleozoic age, 

having experienced orogenies in the Paleozoic and Middle Mesozoic 

and during all subsequent periods of deformation, are generally- 

folded and faulted extensively and locally intruded by igneous 

rocks. 
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